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PREFACE 


This  technical  document  has  been  prepared  for  eventual  publica¬ 
tion  as  the  second  section  of  the  Naval  Ship  Systems  Command  Display 
Illumination  Design  Guide. 

When  completed,  the  Guide  itself  w< II  deal  extensively  with 
some  of  the  special  sorts  of  optical  systems  that  have  been  developed 
for  the  interval  illumination  of  indicating  instruments  and  of  control 
and  monitoring  panels  and  their  color-coded  signal  devices.  It  is  planned 
that  there  will  also  be  a  practical  treatment  of  specification  and  design 
evaluation  criteria. 

The  lir.t  section  of  the  Guide,  “introduction  of  Light  and 
Color,"  has  been  published  by  the  Naval  Ship  Research  and  Develop¬ 
ment  Center,  Annapolis  Laboratory.  It  is  a  highly  summarized  treat¬ 
ment  tl’.at  presents  concepts  to  support  a  working  understanding  of  the 
sections  that  follow. 

The  intern  of  this  second  section  is  to  provide  human  factors 
guidelines  for  use  m  design  of  visual  displays  supported  by  research 
data,  tables,  graphs,  and  charts  for  genera!  reference  and  followed  by 
application  specification  materials  that  offer  standards  and  tolctance 
limits.  It  is  not  possible  in  a  work  such  as  this  to  entirely  support  the 
various  existing  (ami  constantly  changing)  applicable  military  and  indus¬ 
try  standards  and  specifications.  Where  contracts  demand  departures 
from  the  guidelines  g.ven.  this  section’s  principal  utility  may  be  as  a 
basis  for  evaluating  related  design  or  performance  tradeoffs. 

It  was  not  feasible  to  bring  all  terminology  of  this  edition  of 
Section  II  into  strict  agreement  with  that  of  Section  1,  which  was  more 
oriented  to  physics  a  id  illuminating  engineering.  It  is  hoped  that  in  an 
early  revision  many  .lil  ferences  will  be  resolved. 

Human-factors-oricnted  design  oT  illuminated  displays  must 
consider  the  merits  of  at  least  four  types  of  illumination  some  antag¬ 
onistic  to  the  others: 

1.  Ambient  illumination  in  the  display  area.  This  can  vary  from 
completely  controlled,  uniform,  nonglare  illumination,  such  as  that  avail¬ 
able  in  a  windowless  submarine  control  center,  to  that  of  a  cockpit  in 

an  air-  or  spacecraft  with  widely  varying  incident  light  and  practical 
illumination  control  restraints. 

2.  Local  illumination  for  the  display  area  itself,  such  as  flood 

lighting. 
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3.  Self-emanating  <  transHluininated)  illumination  displays ,  such 
as  rear-illuminated  legends  and  graphics,  directly  viewed  electrolumin¬ 
escent  elements,  and  light-emitting  diode  patterns;  cathode  ray  tubes; 
and  television  raster  scan  tube  devices.  This  category  includes  “edge- 
lighted,”  tungsten-lamp-equipped  displays. 

4.  Projected  displays ,  small  and  large  scale. 

A  rather  wide  area  beyond  strict  illumination  requirements  is 
covered  in  this  section.  This  will  allow  the  illumination  designer  to  ade- 


constraints,  such  as  layout,  legibility  of  characters,  pointer  size,  coding 
options,  etc.  Also,  particularly  in  the  first  chapter  on  human  vision, 
display  user-operator  capabilities,  limitations,  habit  patterns,  and  natural 
preferences  are  discussed  since  they  arc  basic  to  effective  use  of  illumina¬ 
tion. 

Maintenance  and  accessibility  are  not  emphasized  because  guide¬ 
lines  for  these  are  generally  available  in  other  references.  Basically,  any 
light  source  which  requires  frequent  replacement  should  be  readily  ac¬ 
cessible  and  easily  replaced  with  conventional  or  readily  available  spe¬ 
cial  tools. 

Safety  is  relevant  but  also  assumed  to  be  covered  in  other  refer¬ 
ences  and  standards.  Any  illumination  scheme  should,  of  course,  pre¬ 
sen  t  minimal  hazard  to  the  display  user  or  maintainor  with  adequate 
protection  from  high-voltage,  chemical,  or  radiation  hazards  or  break¬ 
age  in  tiie  intended  environment. 

Some  chapters  of  this  section  of  the  NAVSHIPS  Display  Ilium - 
motion  Design  Guide  have  aircraft  or  other  nonshipboard  design  origins, 
but  the  principles  involved  are  nevertheless  valid. 
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CHAPTER  I 


HUMAN  VISION  CAPABILITIES  AND  LIMITATIONS 

This  chapter  attempts  to  impart  to  the  reader  some  insight  into  some  aspects  of  this  visual 
system  directly  relevant  to  display  illumination.  It  is  assumed  that  those  using  the  NAVSII1PS  b's- 
play  Illumination  Design  Guide  are  familiar  with  basic  vision  anatomy  and  physiology  to  some  extent 
and  that  Section  1  of  this  Guide,  “An  Introduction  to  Light  and  Color,”  has  provided  the  other  intro¬ 
ductory  material  required. 

The  following  presentation  of  special  vision  phenomena  is  exceij.  ted  from  Woodson  and  Con¬ 
over  ( 1 964).  *  with  minor  deletions  and  additions  by  the  author  of  this  document.  **  This  source 
provided  an  excellent  and  concise  coverage  that  would  not  benefit  from  paraphrasing. 

"VISION" 

Visual  impressions  depend  upon  light  and  upon  its  receptor,  the  eye.  The  visual  processes 
enable  us  to  perceive  form,  color,  brightness,  and  motion.  It  has  been  estimated  that  80  percent 
of  our  knowledge  comes  to  us  by  way  of  the  eye. 

The  light-sensitive  part  of  the  eye  is  generally  conceded  to  be  an  extension  of  the  brain  and  its 
neural  network  is  nearly  as  complex  as  that  of  the  brain.  Before  the  visual  impression  . :  attained,  light 
energy  must  set  off  a  chain  of  chemical,  neural,  and  “mental”  processes.  The  impressions  transmitted 
through  the  eyes  are  carried  to  the  visual  centers  of  the  brain  for  integration,  evaluation,  and  inter¬ 
pretation. 

ACCOMMODATION 

Accommodation  is  the  action  of  focusing  the  lens  on  nca:  or  distant  objects.  Because  the  lens 
loses  its  elasticity  with  age.  a  child,  who  can  focus  on  an  object  as  near  as  2.4  inches,  will  grow  into  an 
adult  of,  say,  40,  who  generally  cannot  locus  on  an  object  nearer  than  6  inches.  (This  increase  of  min¬ 
imum  focusing  distance  with  age  is  shown  in  figure  I-! .)  This  hardening-of-the-lens  condition  which 
occurs  with  increasing  age  and  prevents  normal  accommodation  is  known  as  presbyopia.  Objects  at 
distances  of  about  20  feet  or  more  are  essentially  at  optical  infinity  and  no  accommodation  is  neces¬ 
sary  to  focus  on  them.  (The  accommodation  mechanism  is  given  in  figure  1-2.) 

The  si/e  of  the  retinal  image  of  an  object  may  readily  be  calculated  by  means  of  the  equation 
AH!  ah  ~  An/an  when  the  size  of  the  object  and  its  distance  from  the  eye  are  known.  l  ake  an  as  0.8 
inch.  Image  si/es.  however,  are  usually  given  in  terms  of  visual  angle,  in  this  case,  angle  a. 


1  See  K  id KI-NCl/s  AND  BIBLIOGRAPHY 

unilnrmity  i>l  puscntulion,  minor  editorial  clnwi’c;  are  also  made  in  material  quoted  in  this  and  subsequent 
chapters. 
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Figure  1-1 

Amplitude  of  Accommodation 
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Figure  1-2 

Accommodation  Mechanism 


INTENSITY  RELATIONSHIPS 

The  minimum  intensity  of  light  that  can  be  seen,  after  complete  dark  adaptation,  is  called 
ABSOLUTE  THRESHOLD  of  vision.  It  takes  only  an  extremely  minute  quantity  of  light  to  excite 
the  eye  --  roughly  only  1/1,000,000,000  of  a  lambert.  It  has  been  theoretically  calculated  that  as 
few  as  half  a  dozen  quanta,  or  less,  of  light  reaching  the  retina  have  a  good  probability  of  yielding  a 
visible  sensation.  The  absolute  threshold,  however,  is  not  of  major  concern  here.  The  problem  is  that 
of  detecting  a  light  against  a  background  of  lower  level.  The  ratio  of  light  intensity  to  background  in¬ 
tensity  is  the  CONTRAST  RATIO.  The  minimum  ratio  at  which  the  light  can  be  seen  is  called  the 
CONTRAST  THRESHOLD. 

A  light  of  low  intensity  may  be  clearly  seen  against  a  dark  background.  To  be  seen  against  a 
bright  background,  however,  the  light  must  have  much  higher  intensity,  as  shown  by  table  5  : 


TABLF  I- 1 

CONTRAST  AND  VISION 


IOG  OF  ILLUMINANCE  LOG  OF  BACKGROUND 

JUST  VISIBLE  AT  EYE  (FT-C)  LUMINANCE  loll 


—  5  4 


Visibility  of  light  depends  not  only  on  contrast  between  field  and  background  luminances,  but 
upon  area  (visual  angle)  of  the  light  surface  being  observed.  Table  1-2  (Blackwell,  1946)  shows  the 
effect  of  field  size  on  its  visibility  when  the  background  is  completely  dark.  The  numerical  values 
shown  arc  for  different  diameters  (given  in  minutes  of  arc)  of  surface  at  the  same  distance  from  the 
eye. 


TABLF.  1-2 

ILLUMINANCE  AND  SIZE 


As  brightness  diminishes,  size  must  increase  to  be  seen. 


JUST  VISIBLE 
BRIGHTNESS  (LOG  FT  L) 

-7.2 

-2.7  -3.25 

-4.5 

-4,75 

-5.6 

-5.8 

DIAMETER  OF 
SURFACE  (MIN  OF  ARCI 

0.3 

0,6  1 

6 

10 

60 

100 

Figure  1-3  (Sloan,  1947)  shows  the  sensitivity  of  different  parts  of  the  retina  at  night.  The 
greatest  sensitivity  is  shown  to  he  about  40  degrees  from  tire  fovea  on  the  nasal  side  of  the  retina 
and  about  20  degrees  from  the  fovea  on  the  temporal  side. 

In  order  to  see  short  Hashes  of  light  we  must  have  much  more  intense  light  than  we  need 
to  see  longer  flashes.  Below  0. 10-second  duration,  isolated  Hashes  are  equally  visible  if  they  contain 
equal  energy. 

Threshold  visibility  for  a  short  flash  of  light  depends  on  the  total  energy  in  the  Hash:  the 
intensity  of  the  flash  multiplied  by  the  duration.  Thus  the  shorter  flash  must  be  at  a  greater  inten¬ 
sity  than  the  longer  one  in  order  to  be  visible.  This  reciprocal  relationship  between  intensity  and 
time,  however,  holds  only  up  to  critical  duration  of  about  0  1  second.  For  Hashes  longer  than  0.1 
second,  threshold  visibility  depends  on  intensity  alone  and  is  independent  of  time.  In  figure  1-4  the 
horizontal  line  shows  the  range  of  durations  within  which  the  product  of  intensity  and  time  is 
constant.  (Graham  and  Montana.  1935) 
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FLASH  DURATION  ISEC) 

Figure  t-4 

Flash  Intensify  and  Duration 


The  intensity  of  the  dimmest  light  which  can  just  be  seen  is  shown  in  figure  1-5  as  a  function  of 
time  in  the  dark  following  the  original  exposure  peri<  >i  ■  to  red  and  white  light  of  the  brightnesses  indi¬ 
cated  (Hecht  and  Hsia,  1945).  Data  arc  for  the  averages  of  ten  subjects.  The  subject  exposed  to  red 
light  regains  his  response  to  fainter  light  sources  more  quickly  than  does  the  subject  exposed  to  white 
light  and  reaches  the  level  of ’‘complete”  adaptation  much  sooner  also. 
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Luminance  of  Just  Visiiilo  Light  (IT  L)  (indicated  in  rectangles) 


flux  just  noticeable  difference  (iM)i  between  iwo  intensities  is  termed  the  DIIT’t'  UliNCL 
I  HIvI  SMOU).  Tin.'  magnitude  of  this  threshold  depends  somewhat  on  t ho  wavelengths  ot  the  lights 
for  which  luminosity -dilTeienee  judgments  are  being  made.  Ii  depends  more,  however,  on  the  inten¬ 
sity  of  the  standard  with  which  another  intensity  is  Iving  compared.  In  the  normal  intensity  range, 
contrast  sensitivity  improves  w  hen  light  levels  are  raised 

(dare  recovery  times  ami  flash  recovery  limes  are  shown  in  figures  |-o  ami  1-7.  (In  figure  1-7, 
recovery  time  is  given  lor  usual  task  performance  following  brief  (0. 1  seel  exposure  to  various  light 
intensities.  The  solid  curve  indicates  v  isi:.il  task  peiToinianee  uiili  object  luminance  of  0.07  i't-L  and 
the  ilotted  lines  indicate  perform ain.e  aP.Ii  higher  luminances.  Hie  flash  intensity  is  uul ic;i i olI  in  the 
ordinates. ) 

The  ratio  between  the  bright  ncs .  of  a  eentral  display  field  and  the  hi  ightness  of  an  area  sur- 
rounding  it  has  an  important  el  k\  I  upon  I'h-in  nes%  discriminations  tor  line  details  ol  the  visual  task 
within  the  display  field  (Coerm.m.  I'1-!)  )  .V  the  sun  winding-. uva  brightness  approaches  that  of  the 
ilisplay  field,  hrightness  difference  sensiliuk  witiiin  the  display  field  improves.  Best  dillerential 
brightness  sensitivity  for  traces  on  a  i  at h  >de  i.o  I who  ( s^ope  i.  I  >r  esampie.  is  obtain eil  when  the 
brightness  of  the  area  surrounding  the  scope  is  about  opu.il  i“  that  ol  the  scope  ilsell.  When  surround 
brightness  exceeds  scope  brightness  by  a  lacior  id  mure  iliac  icn.  ditlciYnn.il  brightness  sensitivity  on 
the  scope  is  impaired  I  he  same  el  f.\  i  In  dd-..  ,df  in  - 1;-.- 1 .  i  •  ■  a  e-  msiderably  smaller  extent,  when  sur¬ 
round  brightness  is  less  than  ill. it  •>!  the  „  !(■.  lli...  I :  c- ts  apply  loam  display  winch  repuires 
line  tlitlerenli.d  brightness  judeu.cui 
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Figure  1-6 

Glare  Recovery  Times  for  Map  Routing 
After  5-minute  Fxposure  to  Outside  Light* 


Figure  1-7 

Flash  Recovery  l  imes  l'<*r  Various  Intensities 
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FLIOKRR-FIJSION  FRFQUFNCY  is  the  point  at  which  successive  light  Hashes  hlctui  into  a 
continuous  light ;  i:  increases  with  increasing  flash  intensities  and  with  decreasing  proportion  of  the 
light-dark  cycle  occupied  by  the  Hash.  It  reaches  SO  to  60  cycles  per  second  at  high  intensities.  When 
a  flickering  light  ~  on  50  percent  of  the  time,  off  50  percent  —  flashes  at  the  rate  of  10  cycles  per 
second,  it  appears  to  be  twice  as  bright  as  a  steady  light  of  the  same  intensity.  This  phenomenon  is 
of  interest  because  it  occurs  at  the  same  frequency  as  the  brain’s  alpha-rhythm,  a  fluctuation  around 
10  cycles  per  second  in  the  brain’s  electrical  potential.  The  brightness  enhancement  may  possibly  bo 
due  to  synchrony  of  impulses  from  visual  stimuli  with  brain  alpha  waves  (Bartley,  1039).  Figure  1-8 
indicates  the  brightness  of  a  flickering  light  with  a  light-dark  time  ratio  of  1  to  1  and  at  rates  of  0  to 
20  cycles  per  second,  as  compared  with  the  brightness  of  a  steady  light,  and  also  shows  the  relation¬ 
ship  of  the  10-cycles-per-second  point  with  the  alpha-rhythm  pattern. 
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Figure  1-8 

Flicker  Fusion  and  Brightness 


ACUITY 


Visual  acuity  can  be  defined  and  measured  in  several  ways,  with  different  results,  depending 
upon  the  conditions  of  its  measurement.  One  of  lire  more  commonly  used  standards  is  that  acuity  is 
the  reciprocal  of  the  visual  angle  in  minutes  subtended  by  the  smallest  discritninable  visual  detail  at  the 
nodal  point  of  the  eye.  tor  all  practical  purposes  the  center  of  the  lens. 


The  resolving  power  of  the  eye  is  the  ability  ot  the  eye  to  detect  small  objects  and  distinguish 
tine  detail.  It  varies  greatly,  depending  upon  the  object,  spectral  distribution  of  radiant  energy,  lum¬ 
inosity  of  background,  contrast  between  object  and  background,  duration  of  the  visual  stimulus,  and 
the  criterion  used  to  determine  whether  the  object  is  or  is  not  seen. 

There  is  a  marked  relationship  of  visual  acuity  with  the  number  of  rods  and  cones  and  (heir 
distance  from  the  fovea  (figure  1-9).  Because  the  fovea  (the  central  area  of  the  retina,  on  which  light 
front  fixated  objects  falls)  contains  only  cones,  acuity  is  best  there  under  photopic  light  conditions 
and  poorest  there  under  scotopic  seeing  conditions  (Osterberg.  1935;  Werthcim.  1894). 


Figure  1-9 

The  Relationship  of  Visual  Acuity 
to  tire  Distribution  of  Rods  and  Cones 


The  re'ationship  between  field  brightness  and  minimum  perceptible  brightness  difference 
(which  is,  in  fact,  a  measure  of  acuity)  for  the  rods  and  cones,  is  shown.  Note  that  there  is  no  appre¬ 
ciable  change  in  sensitivity  of  the  cones,  which  arc  used  in  daylight,  while  extreme  change  occurs  in 
the  sensitivity  of  the  rods,  used  in  darkened  situations  (Heclu.  DM3). 

At  lowest  intensities  of  light,  the  eye  can  just  sec  a  line  whose  thickness  subtends  a  visual  angle 
of  about  10  minutes,  while  at  high  intensities,  the  just -resolvable  line  subtends  less  than  I  seen  ml  of 
visual  angle  less,  in  fact,  than  the  width  of  an  individual  cone  in  the  retina.  All  experimenters  ;>v 
agreed  on  the  increase  of  visual  acuity  with  increased  illumination.  Speed  of  recognition  increases 
with  increased  illumination  as  well.  When  rapid  discrimination  of  very  small  objects  is  reunited.  high 
intensities  of  light  and  large  contrast  between  background  and  object  are  necessary 
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Tlu'  relationship  between  contrast  anil  size  for  threshold  visibility  of  a  standard  parallel-bar  test 
object  under  a  brightness  level  of  30  millilamberts  is  indicated  in  figure  1-10.  As  contrast  is  increased, 
minimum  size  and  spacing  between  parallel  bars  may  be  decreased  without  rendering  the  spacing  in¬ 
visible.  As  contrast  is  decreased,  size  must  be  increased,  especially  for  lower  contrast  percentages,  in 
order  to  maintain  threshold  acuity. 
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Figure  l- 10 

Acuity  as  a  Function  of  Size  and  Contrast 


An  experiment  of  a  threshold  nature  was  conducted  to  determine  whether  the  amount  of  in¬ 
crease  in  visual  acuity,  with  increase  of  brightness  on  targets,  differs  more  for  persons  with  initial  sub¬ 
normal  acuity  than  ior  those  with  initial  normal  acuity.  The  subjects  located  checkerboard  targets 
under  six  levels  of  ta»:wt  luminance  varying  from  3.16  to  1000  foot-lamberts.  It  was  found  that  the 
sub  normal  group  gained  significantly  more  in  visual  acuity  terms  with  an  increase  in  target  luminance 
than  did  the  normal  gioup.  The  data  show  lira*  adequate  light  for  seeing  detail  is  between  !0  and  30 
foot-lamberts  for  those  with  normal  vision,  somewhere  between  30  and  40  toot-lamberis  tor  subnor¬ 
mal  subjects.  All  twelve  subjects  in  each  group,  age  20  to  25  years,  were  tested  monocularly  (Kunt? 
and  Sleight.  lb-iO). 

lb 


Visual  acuity  has  been  tested  under  different  spectral  illuminants,  as  shown  in  figure  1-1 1 . 
C-figures  were  used,  with  exposure  times  of  l  second  (Ferree  and  Rand,  1931).  In  this  study,  yellow 
illumination  was  found  to  permit  the  best  acuity.  Given  adequate  ambient  illumination,  however,  there 
is  negligible  relationship  between  the  illuminant  color  and  acuity  for  black-and-white  figures.  Lumi¬ 
nance  contrast,  color  contrast,  illumination  level,  and  exposure  time  are  much  more  important  factors 
in  acuity  than  color  of  illuminant. 
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Figure  I- 1 1 

Wavelength  and  Visual  Acuity 

When  a  visual  image  passes  over  successive  receptor  elements  of  the  retina,  that  stimulus  is  per¬ 
ceived  to  be  in  motion,  Visual  acuity,  for  Landoit-ring  test  stimuli  moving  on  a  horizontal  plane 
around  the  observer’s  head,  decreases  with  increasing  angular  velocity  of  the  test  object.  Figure  1-12 
shows  that  the  gaps  must  increase  in  size  in  order  to  be  distinguished  at  the  higher  speeds  (Ludvigh, 
1948).  It  was  also  shown  that  an  object  such  as  the  Landoll  ring  seen  30  degrees  from  the  line  of 
vision  is  perceived  only  90  percent  as  well  when  in  motion  as  when  stationary. 
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Figure  1- 1 2 

Velocity  and  Visual  Acuity 


OTHER  FEATURES  OF  SEEING 


Summation  and  Interaction 

The  retina  i::  composed  of  complex  neural  interconnections  which  may  produce  a  summation 
effect  between  closely  adjacent  receptors  (retinal  summation).  Thus,  two  test  patches  of  iight,  cither 
of  which  is  below  the  threshold  of  vision,  may  become  visible  if  presented  simultaneously  to  adjacent 
parts  of  the  retina.  The  threshold  of  a  light  may  be  lowered  by  increasing  its  area,  because  more  inter¬ 
connected  receptors  are  stimulated.  Another  type  of  interaction  may  take  place  between  the  two  eyes 
(binocular  interaction)  as  .1  result  of  processes  occurring  in  higher  neural  centers,  including  the  brain. 
This  phenomenon  accounts  for  the  slightly  increased  probability  of  binocular  detection  of  small 
amounts  of  light  as  compared  with  monocular  detection  of  the  same  amount  of  light.  These  and  sim¬ 
ilar  phenomena  may  alternatively  be  explained  by  physical  optics,  the  mechanics  of  the  eye,  or  prob¬ 
ability  theory. 

Stereoscopy 

When  an  object  is  fixated,  a  dif  ferent  view  of  it  is  seen  in  each  eye.  This  feature  of  binocular 
vision  is  a  major  cue  for  the  perception  of  depth.  In  the  instrument  known  as  the  stereoscope,  views 
of  the  object  as  seen  by  each  eye  are  presented  separately  to  them  (figure  M3)  Both  two-dimensional 
views  may  then  be  fused,  resulting  in  three-dimensional  perception  of  a  single  object.  Very  fine  dif¬ 
ferences  between  views  can  give  this  depth  impression. 


Figure  I-  f  3 
Stereoscopic  Vision 


Single  and  Double  Images 

When  an  object  is  fixated,  it  is.  of  course,  seen  as  a  single  image.  Most  other  features  of  the 
visuai  field  are,  however,  “seen”  double,  although  our  experience  has  taught  us  to  disregard  this  im¬ 
pression.  Many  people  arc  not  even  aware  of  the  existence  of  double  images.  One  can  easily  demon- 
shale  them,  however,  by  fixating  on  a  pencil  held  in  front  of  the  eyes.  A  second  pencil  held  behind 
the  first  is  seen  double. 

For  every  fixation  point  in  the  horizontal  plane  I  here  is  a  circle  passing  through  that  point 
and  through  the  optical  centers  of  the  two  eyes  (figure  1-14):  with  the  exception  of  points  very  'lose 
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to  the  eyes  any  point  on  or  near  this  circle,  including,  of  course,  the  fixation  point,  is  seen  singly 
(Boring,  1942).  Points  off  the  horizontal  plane  may  also  be  seen  singly;  these  points  fall  on  rather 
complex  curves  with  reference  to  the  fixation  point.  Points  on  the  plane  but  not  on  the  circle  are 
seen  as  double. 
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Figure  1-14 

Double  Image  Viewing 


Apparent  Motion 

Lights  presented  in  succession  at  the  proper  time  interval,  distance  front  each  other,  and  inten¬ 
sity,  give  the  impression  of  movement  from  one  to  the  other. 


If  the  second  flash  is  more  intense  than  the  first,  a  backwards  motion  from  the  second  to  the 
first  flash  may  be  seen. 

With  alternate  presentation  of  certain  shapes  in  appropriate  positions,  the  object  may  appear 
tc  move  through  three  dimensions. 

These  effects,  known  as  APPARHNT  MOTION  (figure  1-15),  are  utilized  in  motion  pictures. 
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Figure  1-15 
Apparent  Motion 
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After-Images 


It  has  bec'ii  known  for  many  years  that  visual  activity  continues  after  stimulation  of  the  retina 
has  ceased.  In  positive  after-images,  the  black  areas  will  appear  as  black  and  the  white  areas  as  white. 
In  negative  after-images,  however,  the  colors  will  be  reversed;  in  the  case  of  other  colors,  negative 
after-images  will  produce  colors  which  are  complementary  to  those  of  the  actual  picture. 


Relevant  Physical  Variables 

The  features  discussed  above  and  other  related  physical  variables  arc  summarized  in  table  1-3. 


TAB  LIZ  1-3 

VARIABLES  WHICH  MUST  BE  CONTROLLED  WHEN  MEASURING 
SOME  OF  THE  PRINCIPAL  KINDS  OF  VISUAL  PERFORMANCE 
(WULFECK  ET  AL.  1058)* 
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COLOR 

Light  can  be  defined  as  physical  energy  in  the  form  of  electromagnetic  radiations.  The  eye  is 
sensitive  to  only  a  relatively  narrow  band  of  these  radiations  wavelengths  from  400  to  720  millimic¬ 
rons,  approximately.  The  light  travels  through  the  lens  and  is  focused  on  the  retina,  where  it  is  ab¬ 
sorbed  in  quanta!  units  of  energy. 

The  solar  spectrum  (radiation  from  the  sun)  contains  all  the  visible  wavelengths.  Physical  ob¬ 
jects  selectively  absorb  this  radiation,  so  that  the  energy  they  transmit  or  reflect  has  a  different  energy 
distribution  ner  wavelength  than  that  of  the  original  light.  This  difference  provides  the  key  to  color 
vision. 

The  central  nervous  system  of  man  is  able  to  classify  the  distributions  of  light  energy  that  fall 
upon  his  eyes;  these  classes  of  distribution  are  seen  as  colors.  There  are  an  infinite  number  of  distribu¬ 
tions  of  light  energy  which  may  be  experienced  as  the  same  color.  The  eyes  do  not  analyze  out  the 
separate  wavelengths,  as  does  a  prism.  The  nervous  system  simply  classifies  impulses  from  groups  of 
wavelengths  and  labels  them  colors  from  experience.  Color  is  a  psychological  experience;  it  is  not  a 
property  of  the  electromagnetic  energy  we  see  as  lignt,  but  a  perceptual  response  of  the  human  being 
to  that  energy. 

Sensitivity  Zones 

Not  all  zones  of  the  retina  are  equally  sensitive  to  color.  Toward  the  periphery,  objects  can 
still  be  distinguisned  while  their  color  cannot.  Some  colors  are  recognized  at  greater  angles  away 
from  the  fovea  than  others.  Figure  1-1  (>  shows  the  limits  of  the  retinal  zones  in  which  the  various 
colors  can,  under  normal  illumination,  be  correctly  recognized. 
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Figure  1-16 

Retina  Color  Sensitivity 
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Formation 


Normal  color  vision  is  called  trichromatism  because  any  one  of  the  160  or  more  distinguishably 
different  hues  may  for  the  most  part  be  produced  by  variously  mixing  three  independently  adjustable 
primary  colors,  such  as  red,  green,  and  blue.  Mixing  colors  is  often  confused  with  mixing  pigments. 

The  former  is  an  additive  combination  while  the  latter  is  subtractive. 

When  yellow  and  blue  lights  in  proper  proportion  are  thrown  on  a  screen,  the  mixture  appears 
white  (figure  1-17);  the  yellow  and  blue  are  said  to  be  complementary  colors. 


Figure  1-1  7 
Light  Color  Mixture 


Color  mixing  may  also  be  accomplished  by  using  a  “color  wheel.”  The  colors  to  be  mixed 
occupy  different  sectors  of  the  wheel,  which  when  rotated  at  sufficient  speed  produces  new  col'.;.* 
in  accordance  with  the  rules  of  additive  color  mixture.  This  principle  has  been  applied  in  expe  i- 
mental  color-TV  systems. 

When  artists  mix  yellow  and  blue  pigments,  however,  a  green  results  (figure  1-18).  This  is 
done  by  double  subtraction.  T  he  yellow  pigment  absorbs  certain  rays,  while  those  remaining  give 
it  its  yellow  color.  The  same  applies  to  the  blue  pigment.  The  light  remaining  after  the  yellow  and 
blue  pigments  have  both  absorbed  their  respective  wavelengths  may  be  so  balanced  as  to  give  a  sen¬ 
sation  of  green. 
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Figure  1-18 

Pigment  Color  Mixture 
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Color  Abnormalities 

The  term  “color  blindness"  is  one  frequently  misused  in  connection  with  color  abnormal* 

Dies.  In  the  absolute  sense,  color  blindness  should  refer  to  a  complete  absence  of  psychological 
color  experience.  Because  the  so-called  “color-blind"  person  usually  does  experience  certain  colors, 
it  is  suggested  that  the  term  “color  deficient”  be  moie  applicable  in  most  cases. 

Trichromatism  is  usually  considered  normal  color  vision  (Chapanis,  1951).  (See  figure  1-19.) 
There  are  color-weak  individuals,  however,  even  among  the  trichromats;  their  impairment  may  be  so 
slight  that  only  very  sensitive  tests  will  reveal  it.  The  largest  proportion  of  color-deficient  people  have 
this  type  of  color  weakness,  which  is  called  “anomalous  trichromatism."  Though  resembling  normals 
in  that  they  require  three  primaries  to  match  spectrum  colors,  they  may  need  them  in  abnormal 
amounts.  Color  deficiency  is  almost  always  hereditary  in  origin,  present  to  some  degree  in  about  8 
percent  of  the  male  population.  Females,  however,  are  seldom  afflicted. 

The  next  most  common  form  of  color  deficiency  is  red-green  dichromatism.  Dichromats  have 
been  divided  into  two  principal  subgroups  -  protanopes  (red  blind)  and  deutcranopcs  (green  bird). 

For  all  dichromatic  observers,  color  is  restricted  to  two  basic  color  groups,  yellows  and  blues,  which 
are  not  confused  with  each  other.  Dichromats  can  usually  match  all  spectral  colors,  as  they  see  them, 
by  suitable  combinations  of  the  two  independently  adjustable  primaries. 

There  are  several  important  differences  between  protanopes  and  deutcranopcs.  For  protaiopes, 
the  red  end  of  the  spectrum,  seen  as  yellow,  is  foreshortened,  whereas  deutcranopcs  are  able  to  see  hue 
(though  again  yellow)  out  to  normal  limits  of  the  spectrum.  In  figure  1-19,  the  colors  seen  by  a  protan- 
opc  arc  compared  with  those  seen  by  a  normal  trichromat.  The  protanopes  ha«c  a  gray  band  centered 
around  493  millimicrons  and  cannot  distinguish  r-d  or  blue-green  from  gray,  deutcranopcs,  on  the  other 
hand,  have  a  neutral  point  around  500  millimicrons  but  cannot  distinguish  green  or  reddish-purple 
from  gray.  These  differences  are  small  but  reliable  and  serve  as  one  means  of  distinguishing  between  the 
two  types  of  dichromats. 

Monochromatic  vision  is  extremely  rare.  Observers  with  this  deficiency  see  only  in  terms  of 
shades  of  gray.  Acuity  is  poor  in  monoclnomats;  thei  vision  approximates  black  and  white  photo¬ 
graphy  with  poor  definition. 

Color  and  Illuminance 

Satisfactory  color  selection  can  be  made  only  if  it  is  done  urnlei  the  proper  illuminance  con¬ 
ditions.  Colors  selected  under  an  incandescent  light  will  not  appear  the  same  if  they  are  inspected 
under  a  fluorescent  luminaire.  (See  tables  1-4  and  1-5.) 
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Color  Perception  Abnornalities 
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TABLE  1-4 

APPEARANCE  RATINGS  OE  TYPICAL  COLORS  UNDER 
ARTIFICIAL  LIGHT  SOURCES 
(DEPARTMENT  OF  THE  NAVY,  NAVDOCKS  DM-1.  I%2) 


COLOR 


DAYLIGHT 


FLUORESCENT  LAMPS 


STANDARD 

COOL 

WHITE 


DELUXE 

COOL 

WHITE 


STANDARD 

WARM 

WHITE 


DELUXE 

WARM 

WHITE 


INCAN¬ 

DESCENT 

LAMPS 


Maroon 

Dull 

Dull 

Dull 

Dull 

Fair 

Good 

Red 

Fair 

Dull 

Dull 

Fair 

Good 

Good 

Pink 

Fair 

Fair 

Fair 

Fair 

Good 

Good 

Rust 

Dull 

Fair 

Fair 

Fair 

Fair 

Good 

Orange 

Dull 

Dull 

Fair 

Fair 

Fair 

Good 

Brown 

Dull 

Fair 

Gootl 

Good 

F'iiir 

Good 

Tan 

Dull 

Fair 

Good 

Good 

Fair  i 

I  Good 

Golden  yellow 

Dull 

Fair 

Fair 

Good 

Fair  j 

Good 

Yellow 

Dull 

Fair 

Good 

Good 

Dull 

Fair 

Olive 

Good 

Fair 

Fair 

Fair 

Brown 

Brown 

Chartreuse 

Good 

Good 

Good 

Good 

Y'cllowcd 

|  Yellowed 

Dark  green 

Good 

Good 

Good 

Fair 

Dull  1 

1  Dull 

Light  green 

Good 

Good 

Good 

Fair 

Dull 

Dull 

Peacock  blue 

Good 

Good 

Dui) 

Dull 

Dull  , 

i  Dull 

Turquoise 

Good 

Fair 

Dull 

Dull 

Dull 

j  Dull 

Royal  blue 

Good 

Fair 

Dull 

Dull 

Dull 

Dull 

Light  blue 

Good 

Fair 

Dull 

Dull 

Dull 

Dull 

Purple 

Good 

Fair 

Dull 

Dt.il 

Good 

Dull 

Lavender 

Good 

Good 

Dull 

Dull 

Good 

Dull 

Magenta 

Good 

Good 

Fair 

Dull 

Good 

Dull 

Gray 

Good 

Good 

i’aii 

Soft 

Soil 

Dull 

Good  -  Color  appears  most  nearly  as  it  would  under  an  ideal  white-light  source,  such  ; 

as  north  skyligh 

t. 

Fair  -  Color  appears  about  as  it  \ 
Dull  -  Color  appears  less  vivid, 

.vould  under  an  ideal  white-light  source,  but  is  less  vivid. 

Brown  Color  appears  to  be  brown  because  of  small  amount  of  blue  light  emitted  by 

lamp. 

Yellowed  Color  appears  yellowed  because  of  small  amount  ol  blue  light  emitted  by 
Soft  -  Surface  takes  on  a  pinkish  cast  because  of  red  light  emitted  by  lamp. 

lamp. 

TAB1J-  1-5 

EFFECT  OF  SOME  VARIETIES  Olv  COLORED  LIGHT 
ON  SOME  COLORED  OBJECTS* 
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RED  LIGHT 


Light  Pink 


Reddish  Black 


Brilliant  Red 


Reddish  Blue 
Dark  Reddish  Purple 
Olive  Green 
Red  Orange 


Brown  Red 


BLUE  LIGHT 


Very  Light  Blue 


GREEN  LIGHT 


Very  Light  Green 


YELLOW  LIGHT 


Vcrv  Light  Yellow 


Blue  Black 

Greenish  Black 

Orange  Black 

Dark  Biuislt  Red 

Yellowish  Red 

Bright  Red 

Bright  Blue 

Greenish  Blue 

Light  Reddish  Blue 

Brilliant  Blue 

Dark  Greenish  Blue 

Light  Reddish  Purple 

Green  Blue 

Brilliant  Greer. 

Yellow  Green 

|  Light  Reddish  Brown 

Light  Greenish  Yellow 

Brilliant  Light  Orange 

[  Bluish  Brown 

Dark  Olive  Brown 

Brownish  Orange 

L 

PSYCHOPHYSICAL  RELATIONS 

Let  us  r  v  point  out  the  relation  between  certain  physical,  psychophysical,  and  psychologi¬ 
cal  aspects  of  sue: rig  which  u.c  often  misunderstood. 

The  physical  stimulus,  light,  is  radiant  energ)  (uiensuied  in  physical  tiiiiis,  such  as  the  erg) 
usually  distributed  over  a  wide  hand  of  the  spectrum.  When  this  physical  energy  acts  on  the  organism. 
Immnotu  energy  results.  Its  magnitude  is  not  in  one-to-one  relationship  to  the  tadiam  energy,  but  is 
a  differential  function  of  the  spectra!  composition  of  that  radiant  energy.  If,  for  example,  radiant  en¬ 
ergy  is  all  above  750  millimicrons,  no  luminous  energy  results.  Luminous  energy,  then,  is  a  psycho¬ 
physical  concept,  measured  in  such  units  as  the  candle,  the  lumen,  and  the  lambert.  Given  the  spec¬ 
tral  inclkmt  energy  distribution  of  light  and  the  well  established  response  curve  of  the  ''average" 
observer,  it  is  possible  to  convert  radiant  to  luminous  energy.  Brightness  is  the  psychological  counter¬ 
part  of  luminous  energy  but,  again,  is  not  in  one-to-one  relation  to  it.  It  is  a  sensation  which  depends, 
for  example,  on  the  eye's  state  of  adaptation  and  on  the  background  of  the  luminous  object. 

Hie  relationship  of  wavelength  to  color  is  even  less  precise  than  the  above.  It  lias  been 
pointed  out  that  an  infinite  number  of  frequency  distributions  may  yield  the  same  color.  On  the 
other  hand,  any  particular  frequency  distribution  of  light  may  give  rise  to  the  perception  of  a  large 
number  of  colors,  depending  upon  field  conditions  as  weil  as  on  the  person's  set  and  adaptation.  A 
distinction  between  sources  of  light  and  reflecting  surfaces  is  helpful  in  deciding  what  colors  will  be 
seen.  The  perception  of  a  source  color  is  fairly  well  correlated  with  its  spectral  wavelength  distri¬ 
bution.  Reflecting  surfaces  will,  for  the  most  part,  be  seen  as  the  color  which  they  would  appeal 
under  "norma!’*  (white)  illumination,  regardless  of  the  character  of  the  light  illuminating  and  being 
reflected  from  them.  This  phenomenon  is  called  ‘‘color  constancy.”  When  :he  color  of  the  illum¬ 
ination  is  unknown  to  the  observer,  this  color  constancy  breaks  down,  and  the  color  of  a  surface 
then  does  depend  to  a  large  extent  on  the  kind  of  light  reflected  from  it;  that  is,  the  surface  is  now 
seen  as  il  it  were  a  source. 


The  characteristics  of  vision  arc  summarised  in  table  I-(>. 


TABLE  1-6 

CHARACTERISTICS  OF  VISION* 

PARAMETER 

VISION 

Sufficient  stimulus 

Light-radiated  electromagnetic 
energy  in  the  visible  spectrum 

Spectral  range 

Wavelengths  from  400  to  700p 
(violet  to  red) 

Spectral  resolution 

120  to  160  steps  in  wavelength 
(hue)  varying  from  1  to  20  p 

Dynamic  range 

~90  dB  (useful  range)  for 
rods  «  0.00001  inL  to  0.004 
mL;  cones  =  0.004  mL  to 

10.000  mL 

Amplitude  resolution 

AI 

I 

Response  rale  for 

contrast  =  =  0.0 1 5 

'-0.1  see 

successive  stimuli 

Reaction  time  for  simple 
muscular  movement 

-  0.22  sec 

wCSt  OpCiiillli^  i'iliil'C 

500  to  f) 00^.i  (green-yellow) 

1 0  to  200  ft-0 

Indications  for  use 

1 .  Spatial  orientation  required. 

2.  Spatial  scanning  or  search 
required. 

3.  Simultaneous  comparisons 

4.  Multidimensional  materia! 
presented. 

3.  High  amhienl  noise  levels. 

References 
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CHAPTER  II 


ILLUMINATION,  LAYOUT,  AND  VISUAL  DISPLAYS 

This  chapter  presents  a  collection  or' guidelines  for  display  use  which  are  basic  to  consideration 
ol  illumination  designers.  Woodson  and  Conover  ( 1 064)  and  Woodson  ( 1 063)  have  condensed  consid¬ 
erable  information  on  visual  display  human  factor  requirements  into  a  few  pages,  which  are  excerpted 
below.  The  illumination  aspects  arc  direct  in  some  applications  —  e.g.,  hooded  consoles  to  control 
incident  light  -  and  interactive  in  others  -  e.g.,  scale-pointer  indicator  design  —  where  rationale  for 
human  factor  design  may  place  constraints  on  illumination  design  options.  In  some  instances,  “bright¬ 
ness”  or  luminance  controls  may  be  mandatory  for  a  single  instrument.  In  others,  a  single  adjustment 
n  ay  be  advisable  fora  complete  panel. 

ILLUMINATION  AND  LAYOUT  CONSIDERATIONS* 

Good  illumination  is  necessary  for  most  human  operator  tasks  It  is  not  attained,  however, 
merely  by  adding  light  in  large  quantities.  The  type  of  task  that  is  to  he  illuminated,  the  speed  and 
accuracy  with  which  it  must  be  performed,  the  length  of  time  it  is  to  he  performed,  and  variations  in 
operating  conditions  must  he  known  before  a  suitable  lighting  system  can  be  designed.  There  are 
several  important  factors  that  should  be  considered  in  the  design  of  any  lighting  system; 

1.  Suitable  illuminance  for  the  task  at  hand. 

3.  Uniform  illuminance  (ft-(’)  on  I  he  task  at  hand. 

3.  Suitable  illuminance  contrast  between  task  and  background. 

-I.  l  ack  of  glare  from  either  the  light  source  or  the  work  surface. 

5.  Suitable  color  rendering  quality  of  ilhuniuants  and  colors  of  illuminated  surfaces. 

It  is  difficult  to  specify  exact  levels  and  limitations  for  all  the  problems  that  may  arise  in  de¬ 
signing  an  efficient  lighting  system,  but  analysis  of  the  following  recommendations  will  undoubtedly 
serve  as  a  safe  guide  to  better  seeing  for  most  applications.  Design  and  placement  of  all  lighting  ole- 
rienls  should  facilitate  maintenance  and  cleaning  in  order  lo  retain  optimum  illumination  character¬ 
istics. 


Variations  in  the  time  of  day  or  night  ( tig.  II- 1 ).  bright  or  cloudy  days,  or  complexity  of  the 
seeing  task  such  as  looking  out  of  an  airplane  cockpit  alternating  with  observation  of  instruments 
within  the  cockpit  -  make  illumination  solutions  extremely  difficult.  Don’t  assume  that  good  light¬ 
ing  ior  a  daytime  operation  is  equally  good  for  night  operation  and  vice  versa. 

The  human  eye  adapts  to  general  illumination  levels,  tints  making  it  necessary  to  provide  dif¬ 
ferent  lighting  solutions  for  example,  daytime  vs  uighUinte  viewing  ( fig.  II-)).  '1  o  emphasize  this 
point,  try  looking  out  of  a  window  at  night  with  a  lighted  bulb  behind  you.  You  will  probably  see 
nothing  outside  the  window,  and  instead  see  only  the  light  bulk  reflecting  brightly  on  the  window 
surface.  However,  if  yon  repeat  this  observation  in  the  daytime,  the  brightness  of  the  outside  scene 
is  raised  to  such  a  high  level  because  of  the  sim.ight  that  you  are  hardly  aware  of  the  light  bulb 
reflecting  on  the  window  surface  at  all.  It  is  practically  impossible  to  compete  with  the  brightness 
of  the  sun  reflecting  on  a  surface  even  if  the  surface  is  painted  a  dull  black  color. 


'  I  'on!  Woodson  ami  Conover  (  |U;>4). 
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Figure  1M 

Outside  Lighting  Effects 


Figure  11-2 
Day-Night  Contrast 


A  common  error  to  avoid  is  direction  of  a  light  source  at  the  observer  instead  of  at  the  object 
to  he  illuminated  (fig.  11-3).  Even  a  small  amount  of  light  so  directed  in  the  observer’s  eyes  will  change 
his  adaptation  level  to  the  point  that  he  will  be  unable  to  see  the  object  you  have  tried  to  illuminate 
as  well  as  you  had  planned. 

Another  illumination  error  to  avoid  is  to  plan  a  genera!  lighting  system  for  an  interior  area 
without  regard  to  what  will  be  built  into  the  area  after  it  is  occupied.  Partitions,  large  cabinets,  and 
even  people  may  absorb,  obstruct,  or  shut  off  natural  paths  of  light  from  the  fixtures  you  have  pro¬ 
vided. 

Some  special  activities  arc  not  at  all  appropriate  to  the  general  lighting  approach.  I  or  example, 
a  room  where  some  of  the  occupants  have  to  monitor  displays  which  have  low  contrast  characteristics, 
such  as  on  cathode-ray  presentations,  must  he  reasonably  darkened.  In  the  meantime,  other  occupants 
in  the  same  room  may  have  to  work  on  charts  or  colored  maps  and  therefore  require  fairly  high  illum¬ 
ination  levels  (sec  figure  11-4). 


ii-: 


Figure  ll-.> 

importance  ot  Light  Placement 


Figure  11-4 
Area  Lighting 


Attenuate  solutions  to  lighting  problems  such  as  the  one  just  mentioned  cannot  always  he 
worked  out  by  the  use  of  charts  anti  illumination-level  tallies  Such  problems  call  for  an  experi¬ 
mental  approach.  l:se  of  portable  luminaries  with  variable-intensity  controls  is  suggested  dig.  11-5) 
5ueh  experimental  lights  arc  easy  to  move  about  and  will  allow  measurements  to  be  taken  as  wel 
as  giv  e  a  chance  to  observe  side  effects,  such  as  reflection  and  glare  problems. 
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Good  lighting  solutions  cannot  be  obtained  by  concerning  ourselves  with  the  source  only.  We 
must  also  consider  the  interaction  of  surface  texture,  color,  and  the  characteristics  of  objects  which 
may  he  introduced  into  the  “seeing  task”  (fig.  11*6).  For  example,  a  glossy  white  sheet  of  paper  viewed 
on  a  dark  desktop  in  a  dimly  lit  room  becomes  a  disturbing  glare  source  to  the  observer. 


Figure  II-6 

Illuminated  Surface  Effects 


Lighting  is  also  a  psychological  tool.  Mood  lighting  can  create  feelings  ranging  all  the  way  from 
rest  to  excitement.  Creating  an  “atmosphere”  by  means  of  lighting  should,  however,  not  be  allowed 
to  interfere  with  adequate  “seeing”  requirements. 


General  Recommendations  for  Ambient  Illumination* 

I.  Provide  uniform  lighting  for  all  indicators  and  control  panel  areas. 


2.  Avoid  direct  view  of  light  sources  or  spectral  reflectances  from  these  sources.  Arrange  direct 
light  source  so  viewing  angle  of  visual  work  area  is  not  equal  to  angle  of  incidence  from  the  source.  Use 
diffuse  light  sources  and  provide  matte  finish  (rather  than  glossy)  on  all  surfaces  in  the  field  of  view. 


3.  Where  equipment  is  used  in  enclosures  and  not  subject  to  blackout  requirements,  ambient 
illumination  levels  should  be  between  .25  and  50  I  t-C. 


Maximum  allowable  luminance  ratios  arc  given  in  table  1 1- 1 . 


TABLE  II- 1 

MAXIMUM  ALLOWABLE  LUMINANCE  RATIOS 


RATIO 


5:  I 

7:  I 
20: 1 
40: 1 
80: 1 


CONDITION 


Between  task  and  adjacent  surroundings 
Between  dimmest  and  brightest  instruments 
Between  task  and  remote  surfaces 

Between  light  source  (or  sky  )  and  surfaces  adjacent  to  it 

Between  the  immediate  work  area  and  remainder  of  the  environment 


Note: 


In  the  illumination  of  work  areas,  sharp  gradients  (ratios  of  iO:  I  or 
greater)  should  be  avoided. 


h'rom  Woodson  ( 1%.)). 


K27I ii'a r/ni i wtxrf.  ir«V.  vrrrirRiC- 


11-4 


General  Recommendations  for  Specific  Station  Illumination* 


1.  Light  sources  (or  reflection  from  these)  should  not  be  visible  to  the  operator  in  his  normal 
working  position. 

2.  Cover  glass  on  instruments  should  be  antiglare  coated. 

3.  Lamp  replacement  should  be  from  the  front,  without  need  for  special  tools. 

4.  Transilluminuted  markings  should  be  sharply  defined  and  readable  when  viewed  at  any 
angle  up  to  and  including  60°  from  the  normal  to  the  plane  of  the  front  face  of  the  panel. 

5.  Sufficient  control  circuits  should  be  provided  to  allow  operators  tc  “balance"  various 
panels  lor  apparent  equal  brightness. 

Lighting  recommendations  for  work  place,  instrument  panel,  and  living  spaces  are  shown  in 
table  11-2. 


TAB  LL  11-2 

LIGHTING  RECOMMENDATIONS  FOR  WORK  PLACE, 
INSTRUMENT  PANEL,  AND  LIVING  SPACES 


LIGHTING 

CONDITION  OF  USE 

SYSTEM 

LUMINANCE  (FT-L) 

ADJUSTMENT 

Gonenl  area  illumination 

White  Hood, 
indirect  and/or 
diffused 

1 5  minimum 

Fixed 

( ’hart  reading  and  other 

White  flood. 

1 5  to  50 

Continuous 

printed  material  inspection 

direct  diffused 

Instrument  pane!  (no 

White  Hood. 

0  to  1 00  (or  above  if 

Continuous 

integral  lighting  available) 

diffused 

possible) 

Integral  panel  lighting 
( Iransiilumination) 

White 

0  to  100 

Continuous 

Integral  instrument  lighting 

White 

0  to  100 

Continuous 

Warning  indicators: 

KILLER 

Red 

150 

Fixed 

Wanting. 

Red 

1  50  ( bright )  ! 

75  (dim)  1 

Adjustable 

(  aution 

Amber 

(Same  as  warn) 

Adjustable 

Other 

Other 

100  (bright)  1 

50  (dim)  1 

Adjustable 

Fll’lll  VV  ,  |  ( |  M  1 1 1  (  I 
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Chromaticity  Considerations*1 

ll  is  necessary  to  regard  each  console  signal  light  as  a  complex  optical  system  in  which  each 
component  interacts  with  the  other.  The  signal  in  turn  becomes  part  of  a  console  or  other  control 
equipment  that  is  immersed  in  the  general  illumination  of  the  contro.  room.  (Figure  1 1-7  shows  a 
Navy  console  mockup  used  for  lighting  evaluation.)  This  environment  not  only  interacts  physically 
with  the  signal,  but  it  also  sets  the  pattern  for  the  visual  response  of  the  (aiso  immersed)  observer 
his  luminance  and  chromatic  adaptation. 

In  order  to  describe  the  stimulus  for  the  sensation  of  color  which  results  from  lighting  an 
indicator,  the  light  reflected  by  the  indicator  diffusing  screen  and  the  light  transmitted  through  the 
diffusing  screen  must  each  be  weighted  for  their  individual  contributions.  The  chromaticity  which 
can  be  plotted  in  the  C1F  system  by  treating  these  two  components  as  additive  is  an  accurate  descrip¬ 
tion  of  the  chromaticity  of  the  light  emanating  from  the  indicator,  it  is  not,  however,  an  accurate 
description  of  all  the  relevant  elements  of  the  luminous  environment  and  cannot  be  expected  to 
permit  an  accurate  prediction  of  how  the  color  of  the  indicator  will  be  perceived.  The  difference 
between  the  response  to  a  color  which  includes  reflected  ambient  light  and  the  same  color  composed 
of  only  source  light  is  due  to  the  observer’s  ability  to  appreciate,  to  some  extent,  the  contribution  of 
the  ambient  illumination  to  the  total  brightness  of  the  indicator.  He  is  apparently  able  to  report  the 
indicator  color  somewhat  independently.  Aside  from  chromatic  adaptation  there  is  a  degree  of  color 
constancy  which  is  a  function  of  the  observer’s  ability  to  structure  his  visual  field  and  of  his  familiarity 
with  the  color  of  the  general  illuminant. 

For  example,  confusion  between  some  “pale”  colors  and  the  achromatic  condition  of  the 
indicator  (off  or  white)  are  considerably  more  frequent  than  confusions  resulting  from  desaturation 
of  colors  caused  by  the  ambient  illumination. 

For  th is  reason,  chromaticity  calculation  which  includes  the  reflected  ambient  illumination 
can  only  be  considered  as  a  description  of  indicator  chromaticity  in  Ibis  particular  situation  and  for 
purposes  of  demonstrating  the  difference  between  indicator  elements,  such  as  different  diffusing 
screens. 

Assuming  the  ability  to  discriminate  a  stimulus  as  a  particular  luminous  color  under  given 
environmental  conditions  to  be  a  function  of  its  luminance  and  chromaticity,  an  adequate  specifica¬ 
tion  of  minimum  brightness  for  indicator  lights  must  take  into  account  both  of  these  parameters. 

The  practical  restraints  on  the  design  of  the  experiment  did  not  permit  the  parameters  to  be  varied 
systematically  to  synthesize  an  accurate  general  model  for  minimum  brightness. 

The  following  considerations  are  important  in  the  interpretation  of  the  data  and  in  consider¬ 
ing  the  differences  in  the  present  data  and  the  data  of  previous  studies 

1.  Responses  were  restricted  to  predesignated  categories.  This  is  important  inasmuch  as 
some  colors  nitty  have  been  highly  distinguishable  as  orange,  blue-green,  etc.:  blit  since  these  re¬ 
sponses  were  not  allowed,  such  colors  were  necessarily  classified,  although  with  less  confidence,  in 
one  of  the  acceptable  categories. 

2.  The  color  categories  selected  were  those  already  adopted  for  the  F'lcel  ballistic  Missile 

(I  BM )  system  largely  to  take  advantage  of  inherent  meaning  associated  with  such  colors  as  red.  green, 
and  yellow,  rather  than  to  lake  advantage  of  maximum  color  spacing. 


•Tiom  Wimnberg  ( l%2). 


3.  Neither  luminance,  nor  chromaticiiy  tin  the  sense  of  variation  of  purity,  or  dominant  wave¬ 
length)  were  varied  systematically.  Because  of  this,  precise  formulation  which  takes  these  variables 
into  account  is  not  possible. 

These  considerations  are  believed  to  account  for  the  differences  between  these  experimental 
data  and  what  might  be  expected  from  an  inspection  of  existing  outdoor  colored  light  standards. 
Furthermore,  they  are  the  basis  on  which  these  data  will  be  interpreted  in  posing  new  preliminary 
standards  and  implying  areas  needing  additional  refinement  study. . . 

From  the  results  of  this  study,  it  is  possible  to  define  chromatieitics  representing  five  console 
signal  light  color  categories  which  can  be  distinguished  from  one  another  and  can  also  be  distinguished 
from  the  “tailed”  or  “not-lighted"  condition  under  the  ambient  conditions  of  interest.  Such  a  selec¬ 
tion  of  chromatid  ties  would  be  applicable  to  ambient  conditions...:  not  less  than  73  FT-L  white 
screen  signal  luminances  (darkroom  determined)  and  not  more  than  7.3  FT-L  of  screen  luminance 
caused  by  the  reflections  of  ambient  light  in  the  actual  working  environment. 

This  study  also  suggests  that  the  rat io  of  II  to  !  for  white-screen-signal  to  no-signal  luminance 
will  result  in  satisfactory  recognition  of  the  not-lighted  condition  as  distinguishable  Iron’,  the  lowest 
luminance  colored  light  signals  in  a  selected  set  of  colors.  The  minimum  limiting  ratio  was  not  estab¬ 
lished  but  it  was  found  that  a  ratio  of  4.3  to  I  was  inadequate.  It  should  be  emphasized  that  the 
colored  signal/no-signal  luminance  ratios  associated  with  the  presentation  of  colors  obtained  by  the 
use  of  color  filters  of  low  luminosity  factors  would  be  very  much  lower.  While  the  results  of  this 
study  do  not  support  a  simple  explanation  of  these  luminance  ratio  values,  it  appears  that  the  mini¬ 
mum  luminance  ratio  would  vary  as  some  function  of  the  chromaticity  of  the  colored  signal. .. 

USE  AND  CONTROL  OF  NATURAL  DAYLIGHT" 

Proper  use  and  control  of  natural  daylight  is  desirable  not  only  from  the  standpoint  of  econ¬ 
omy,  but  also  for  the  sake  of  the  general  efficiency  of  people.  Some  people  become  irritable  when 
they  are  shut  off  from  tile  outside  sunlight  for  very  long. 

It  is  desirable  to  consider  the  position  of  the  sun  in  orienting  a  new  building.  Take  advantage 
of  the  natural  light.  This  means  that  one  must  consider  the  path  of  the  sun  for  the  particular  latitude 
and  even  altitude  of  the  building  site. 

The  construction  of  buildings  should  be  considered  in  terms  ol  how  best  to  introduce  natural 
light  into  the  work  area. 

In  addition,  consideration  should  be  given  to  transparent  and/or  translucent  maleiials  in 
terms  of  fil  tering  and  equalizing  the  distribution  of  natural  light 

Certain  design  configurations  may  create  shadow  difficulties  e.g..  excessively  deep  window 
headers  or  sills.  Those  should  be  avoided  whenever  possible. 

Temporary  light-eon irol  devices  can  also  be  added.  These  devices  may  create  maintenance 
problems  if  they  are  not  designed  carefully  to  simplify  the  job  of  adjustment  and  cleaning. 

The  reflectance  characteristics  of  internal  walls,  floors,  and  ceilings  should  be  considered 
along  with  the  design  of  the  window  openings.  For  example,  a  dark  wall  around  a  bright  window 
will  cause  glare  because  of  the  extreme  contrast  between  the  wall  and  the  window  area.  In  general, 
light  reflecting  colors  are  recommended  for  most  applications.  Shiny  surfaces,  however  should  be 
avoided. 


*Fiom  Wooc-son  and  Coiinvei  (  IOM) 
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One  exception  that  must  be  considered,  in  terms  of  light  interiors,  is  that  case  where  a  night 
operation  requires  the  worker  to  see  out  the  window.  In  this  case,  a  light  interior  is  a  potential  source 
of  reflectance  on  the  window  glass  and  is  quite  difficult  to  control. 

PROBLEMS  OF  GLARE* 

Glare  is  the  most  harmful  effect  of  illumination.  There  is  a  direct  glare  zone  which  can  be  elim¬ 
inated,  or  at  least  mitigated,  by  proper  placement  of  luminaries  and  shielding,  or.  if  luminaries  are  fixed, 
by  rearrangement  of  desks,  tables,  and  chairs.  Overhead  illumination  should  be  shielded  to  about  45 
degrees  to  prevent  direct  glare.  Reflected  glare  from  the  work  surface  interferes  with  most  efficient 
vision  at  a  desk  or  table  and  requires  special  placement  of  luminaires. 

Eyeglasses  cause  disturbing  reflections  unless  the  light  source  is  30  degrees  or  more  above  the 
line  of  sight,  40  degrees  or  more  below,  or  outside  the  two  !  5-degree  zones,  as  shown  in  figure  11-8. 


Figure  H-8 

Glare  from  Light  Placement 


*T  loin  Woodson  and  Conover  ( 1964). 
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Instruments  arc  normally  protected  by  a  glass  cover.  This  glass  cover  often  becomes  a  source 
of  glare  —  making  it  practically  impossible  to  see  the  markings  on  the  instrument  face.  The  worst 
situation  occurs  on  panels  which  are  used  in  high  ambient-light  conditions,  such,  as  in  the  cockpit  of 
an  airplane.  Here  the  sunlight  illuminates  the  pilot’s  shirt  front  to  the  point  that  if  it  is  reflected  in  the 
glass  cover  of  the  instruments  in  front  of  the  pilot,  he  cannot  read  the  indications  at  all.  Although  it  is 
recommended  as  a  general  rule  that  instruments  should  be  normal  to  the  line  of  sight,  this  actually 
creates  the  worst  situation  for  self-reflection  (figure  11-9).  Therefore  it  is  desirable  to  slope  the  instru¬ 
ment  faces  slightly  off  the  normal  line  of  sight,  as  shown  in  figure  11-10. 


Figure  11-9 
"Self”  Reflection 
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Figure  1M0 

Slope  of  instrument  Faces 
to  Avoid  Self-Reflection 


PANEL  LAYOUT* 

Some  manufacturers  develop  a  standard  panel  design  in  order  to  make  their  equipment  appear 
distinctive.  This  also  has  the  advantage  of  making  it  simple  to  group  several  equipments  together  and 
yet  make  them  look  as  though  they  were  designed  as  a  complete  unit.  Modular  panel-design  techniques 
increase  the  'hscriminability  of  functional  groups  of  displays  and  controls.  For  example,  a  dark-colored 
module  contrasted  against  a  light-colored  background  produces  an  association  among  the  components 
within  the  module. 

A  typical  modularized  panel  specification  is  shown  in  figure  ll-l  1 . 

The  panel  titles  are  centered  at  the  top  of  each  panel.  The  panel  modules  are  located  in  an 
area  Vi  inch  from  the  top  of  the  panel,  I  inch  from  the  sides,  and  3/16  inch  from  the  bottom  of  the 
panel.  The  module  title  is  also  centered  within  the  module,  as  shown.  Naturally,  space  limitations 
may  sometimes  require  modifications,  but  the  manufacturer  attempts  to  maintain  the  specifications 
as  nearly  as  possible  in  each  new  layout. 

Figures  11-12  through  11-14,  from  Woodson  (1963),  summarize  panel  layout  considerations. 


”1  :om  Woodson  and  Conover  ( 1904). 
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Figure  13-1 1 

Dark-Light  Module  Effects 


In  addition  to  the  general  layout,  color  specifications  are  usually  provided  in  order  that  all 
equipments  may  maintain  a  uniform  color  scheme  -  even  when  newer  equipments  arc  added  at  a 
later  date.  Table  11-3  is  a  typical  color  specification. 


Lettering  styles  and  sizes  are  also  specified  and  usually  a  style  guide  of  type  fonts  is  made  a 
part  of  the  specification. 


Finally,  control  types  are  specified,  generally  related  to  a  given  manufacturer's  line  of  knobs. 
Colors,  sizes,  methods  of  mounting,  etc.,  arc  all  included  in  the  specification. 


CAUTION:  Although  the  basic  objective  of  standardization  is  commendable,  the  designer 
is  reminded  not  to  be  led  astray  by  aesthetic  or  "arty”  concepts  which  destroy  good  human¬ 
engineering  practices.  Remember  ’hat  a  bad  standard  is  worse  than  no  standard  at  all!  First 
analyze  your  present  and  future  needs,  then  apply  good  human-engineering  principles  in  developing 
a  standard.  The  end  result  can  be  beneficial  both  to  the  operator  and  the  reputation  of  tile  company. 
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HORIZONTAL  SNAPS  POR 
SKATED  OPERATOR 


VERTICAL  SHAPE  FOR 
STANDING  OPERATOR 


DISPLAYS  NORMAL 
TO  LINE  OF  SIGHT 


Figute  II- 1? 

Panel  Shape,  Size,  and  Orientation 
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SIMPLE  HORIZONTAL  DESK  WITH 
VERTICAL  CONTROL-DISPLAY  AREA; 
DESK  HEIGHT  NORMALLY  10"  ABOVE 
SEAT  REFERENCE  HEIGHT 

•HORIZONTAL  EYE  AXIS 


SEAT  REFERENCE  POINT 


ft 


TO  EXTEND  PANEL  HORIZONTALLY, 
PROVIDE  WINC-PANELS  (EXTENSION 
APPLIES  TO  BOTH  SIDES) 


I  30° 


TO  EXTEND  PANEL  VERTICALLY 
(NOTE  DESK  IS  REMOVED) 


NOTE:  ALL  DIMENSIONS  ARE  APPROXIMATE.  FINAL  DIMENSIONS  SHALL  3E  DETERMINED 

3Y  MOCKUP  EVALUATION 


Figure  11-13 

Seated  Operator  Station 


U-!4 


NOTE;  ALL  DIMENSIONS  ARE  APPROXIMATE.  PINA 
BY  MOCKSJP  EVALUATION. 


OVERHEAD  B<  SIDE-PANEL  EXTENSION 
(APPLIES  TO  BOTH  SIDES) 


DIMENSIONS  SHAL  L  BE  DETERMINED 


Figure  11-14 

Standing  Operator  Station 
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TABLE  11-3 

TYPICAL  MODULAR-PANEL  COLOR  SPECIFICATION 


UNIT 

COLOR 

FEDERAL  STANDARDS  595 

Basic  pane! 

Light  gull  gray 

36492 

Noncritica!  module 

Dark  gull  gray 

36231 

Emergency  or  critical-operation  modules 

Red 

31136 

Lettering  on  modules 

White 

37875 

Lettering  on  panel  outside  modules 

Dark  gull  gray 

3623 1 

PANEL  FINISH  TREATMENT  AND  PANEL  ILLUMINATION* 


*>• 

J-l 


ic 


Finish 


Ali  panel  finishes  should  be  such  as  to  minimise  spectral  reflectance. 

Glare  from  Transparent  Materials 

Transparent  display  covers  are  a  serious  source  of  light  reflection,  and  require  consideration  of 
the  following; 

1.  Antireflection  coating. 

2.  Proper  mounting  with  respect  to  the  operator’s  line  of  sight  (i.e.,  instrument  glass  cover 
should  not  be  exactly  perpendicular  to  the  line  of  sight  if  there  is  a  possibility  of  “operator  self- 
reflection"). 

3.  Avoidance  of  a  single,  large-area  transparent  cover  over  several  instruments.  This  require¬ 
ment  also  affects  safety. 

Illumination 

Panel  color,  finish,  and  illumination  should  he  considered  as  a  system  problem  in  order  to 
effect  the  best  trade-offs  between  visibility  and  power. 

General  Appearance 

Extraneous,  visible  panel  elements,  such  as  screws,  fasteners,  instrument  bezels,  handles,  etc  , 
should  be  treated  to  minimize  their  distracting  influence  on  the  operator’s  attention  from  principal 
operating  elements  of  the  panel.  This  may  be  accomplished  by  eliminating  extended  screw  heads, 
painting  items  the  same  color  as  the  basic  panel,  and  by  location  of  such  items  in  inconspicuous  places 
wherever  possible.  Care  should  be  taken,  however,  not  to  amplify  maintenance  difficulties. 


*Fn>ni  Woodson  ( I  Oo.t). 
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VISUAL  DISPLAY  APPLICATIONS* 

Design  or  selection  of  visual  displays  is  one  of  the  most  important  problems  to  face  the  de¬ 
signer  in  developing  an  efficient  man-machine  system.  Since  the  human  eye  is  the  medium  through 
which  man  receives  the  greater  share  of  his  information  about  the  world  in  which  he  lives,  effective 
transfer  of  this  information  is  vital  to  his  operational  efficiency.  The  following  general  recommen¬ 
dations  are  presented  as  an  aid  in  the  selection  of  the  most  suitable  type  of  indicator  for  a  given 
purpose.  (Typical  indicators  are  shown  in  figure  IMS;  table  11-4  is  a  guide  to  visual  display  selec¬ 
tion;  and  key  operator/dispiay  system  interactions  are  shown  in  tame  11-5.) 


QUALITATIVE 


©  o 

HOIST  ON 

0  <§§> 


CHECK  READING 


m  k> 


0  10  20  10 


PICTORIAL 


QUANTITATIVE 


Figure  IMS 
Readout  Variations 

For  a  tew,  discrete  conditions,  use  an  indicator  which  presents  large  differences  in  position, 
brightness,  or  color.  Use  of  two  or  more  variables  together  normally  increases  operator  reliability  - 
e.g.,  color  plus  position. 

For  precise  numerical  values,  with  no  need  tor  interpolation  between  numbers,  or  lor  rate  or 
directional  indication,  use  a  digital  or  counter  indicator  Use  a  scalar  indicator,  however,  when  values 
arc  to  be  set  into  the  equipment. 

For  numerical  value  plus  orientation  in  time,  space,  magnitude,  or  rate,  use  a  scalar  indicator 
Avoid  multiple  pointers  or  moving  scales  whenever  possible.  A  pointer  plus  an  adjacent  counter  is 
best  when  scale  expansion  is  necessary. 

For  multidimensional  in  format  ion.  use  conmii...iioi.  of  single-value  indicators  or  composite 
graphic  or  pictorial  representations. 

l  or  qualitative  cheek  reading,  use  a  moving  pointer  auauist  a  '''c,l  scale.  If  several  dials  are  to 
be  scanned  rapidly,  orient  pointers  so  the  "nominl"  position  of  the  pointer  is  at  '<  o'clock. 
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TABLE  1 1-4 

GUIDE  TO  VISUAL  DISPLAY  SELECTION 


To  Display 


Because 


Go,  No  Go,  Start,  Stop  Light 

On,  Off 

Identification  Light 


Normally  easy  to  tell  if  it  is 
on  or  off 

Easy  to  see  (may  be  coded  by 
spacing,  color,  location,  or 
flashing  rate;  may  also  have 
label  for  parte]  applications) 


Warning  or  Caution 


Verbal  instruction  Enunciator  light 

(operating  sequence) 


Exact  quantity 


Digital  counter 


Approximate  quantity  Moving  pointer  against 
fixed  scale 


Set-in  quantity 


Moving  pointer  against 
fixed  scale 


Attracts  attention  and  can  be 
seen  at  great  distance  if  bright 
enough  (may  flash  intermit¬ 
tently  to  increase  conspicuity). 


Simple  "action  instruction” 
reduces  time  required  for 
decision  making 

Only  one  number  can  be  seen, 
thus  reducing  chance  of 
reading  error 

General  position  of  pointer 
gives  rapid  clue  to  the 
quantity  plus  relative  rate 
of  change 

Natural  relationship  be¬ 
tween  control  and 
display  motions 


Data  pick-off 


Electronic  “hook”  or  j  Provides  simple  means  for 


electromechanical  pan¬ 
tograph  over  CRT 
target  presentation; 
coordinates  transferred 
to  a  digital  counter 
automatically 


“pointing”  at  the  position 
without  interpreting  or 
calculating  actual  values 


TABLE  114 
(CONTINUED) 


To  Display 


Tracking 


Vehicle  attitude 


Geographical  position 


Command  guidance 


liquipmein-pe  tier  mance 
analysis 


Select 


Single  pointer  or 
cross  pointers  against 
fixed  index 


Either  mechanical  or 
electronic  display  of 
position  of  vehicle 
against  csle  dished 
reference  (may  be 
graphic  or  pictorial) 


Plan-position  analogue 


,  Analogue  of  '‘predicted’ 
position  or  path 


Meter 

CRT  (wave  form) 
Pen  recording 


Because 


Provides  error  information 
for  easy  correction 


Provides  direct  comparison 
of  “own  position”  against 
known  reference  or  base 
line 


Shows  direct  relationship 
to  natural  geographical 
features 


Allows  observer  to  see  or 
anticipate  what  is  going 
to  happen  in  advance 


Single  parameter  simple 
to  interpret 

Multiple;  parameter  shows 
interrelationship 

Provides  permanent  record 
for  later  analysis 


Example 


■■J 


NOTE  Combinations  of  any  of  the  above  arc  possible  and  often  desirable.  Care  should  be  taken  not  to 
Introduce  ambiguities,  extierne  complexity,  or  crowding,  since  these  will  increase  operator- 
response  lime. 


Checklist  for  a  Good  Visual  Display 

I.  ( ‘tin  the  display  be  read  quickly  in  the  manner  required  (that  is,  quantitative,  qualitative, 
or  check  tVitilimt)'.’ 

'  (  an  (lie  display  be  read  accurately  within  the  needs  of  the  operator  (preferably  no  more 
acciu  al'  tv  f 


3.  Is  the  instrument  design  free  of  features  which  might  produce  ambiguity  or  invite  gross 
reading  errors? 

4.  Are  the  changes  in  indication  easy  to  detect? 

5.  Is  the  information  presented  in  the  most  meaningful  form  requiring  the  minimum  of  mental 
translation  to  other  units? 

6.  Is  the  relationship  of  the  required  control  movements  natural  to  the  expected  instrument 
movement? 

7.  Is  the  information  up  to  date  with  relation  to  the  need? 

8.  Is  the  instrument  distinguishable  from  other  displays? 

9.  Will  the  operator  be  aware  of  an  inoperative  condition? 

10.  Is  illumination  satisfactory  under  all  conditions  of  expected  operation? 

Il  ls  the  display  free  of  parallax  or  other  potentially  distorting  characteristics? 

Characteristics  of  Effective  Displays* 

!.  individual  characters  highly  icgihic 

2.  Meaningful  groups  of  characters  (e.g.,  words)  easily  recognizable 

3.  Weak  signals  detectable  at  all  display  range  scales 

4.  Characters  readily  discernible  from  each  other 

5.  Display  can  be  viewed  equally  well  at  any  requi  -ed  viewing  angle 
<i.  Minimum  loss  of  signal  detectability  at  long  and  short  ranges 

7.  Minimum  fall-off  in  screcn/scope  brightness 

8.  Maximum  contrast 

9.  Minimum  image  distortion 

10.  fastest  possible  observer  response  time,  where  time  is  a  factor  in  efficiency 
I  I.  Highest  possible  observer  accuracy  in  performing  visual  function 

I  2.  No  or  very  slight  Dicker 

13.  Display  can  be  viewed  efficiently  in  entire  operating  range  of  ambient  illumination 

'Tnnn  Meislcr  a  mi  Sullivan  (  1 0(>0). 
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14.  Minimum  equipment  delay  in  responding  to  user’s  request  lor  display  (as  in  information- 
retrieval  system) 

1  5.  Display  parameters  (e.g.,  luminance)  adjustable  by  the  user 

INDICATOR  LIGHTS  -  LEGEND* 

Visibility 

The  brightness  of  an  indicator  should  be  sufficient  to  discern  the  “ON”  condition  under  all 
expected  ambient  illumination  conditions.  When  used  under  varying  illumination  conditions,  a  dim¬ 
ming  con  rol  should  be  provuled  (the  range  being  limited  by  means  of  an  automatic  “night/day" 
switching  system)  to  insure  visibility  under  the  brightest  ambient  condition.  Dimming  should  never 
be  used  for  KILLER,  Master  Warning,  and  Master  Caution  lights,  however.  If  indicators  are  subject 
to  “outdoor”  light,  provisions  should  Ire  made  to  prevent  reflected  sunlight  from  making  the  indicator 
appear  “illuminated”,  it  should  not  be  possible  to  see  the  source  of  the  light;  i.e.,  the  indicator 
screen  brightness  shall  be  as  uniform  as  possible. 

Fixture  Design 

1 .  A  dual  lamping  system  should  be  used  for  reliability  (except  for  electroluminescent  design). 

2.  Lamp  replacement  should  bo  from  the  front  of  the  panel. 

3.  Failure  of  a  “flasher”  should  result  in  a  steady  light.  Failure  of  an  indicator  should  not 
cause  failure  of  circuit  being  monitored. 

4.  Incandescent  lamps  should  operate  below  rated  voltage. 

5.  A  method  for  lamp  testing  should  be  provided. 

Legend  Design 

1.  Use  optimum  letter/numeral  design. 

2.  Use  standard  abbreviations  only. 

3.  Use  captive  screens,  coded  keyways,  etc.,  to  prevent  loss  of.  or  inversion  of  legends. 

4.  Use  dark  lettering  on  light  background  for  KILLER,  Master  Warning  and  Master  Caution 
indicators.  Either  dark  or  light  lettering  may  be  used  for  others  If  dark  adaptation  is  required,  use 
light  lettering  to  reduce  over-aU  brightness  of  noncriticul  indicators. 

5.  Engraving  should  he  resistant  to  wearing  off  or  filling  with  dirt. 

(■>.  Legends  should  not  be  visible  when  the  indicator  is  not  lighted.  That  is.  a  legend  such  as 
“stop"  should  not  he  displayed  unless  the  indicator  is  also  the  stop  button.  Other  exceptions  involve 
coding  of  colored  lights  to  hack-illuminulc  a  visible  legend  such  as  “No.  I  Torpedo." 


!lTioin  Woodson  (  1 9(>.h). 
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WARNING  LIGHTS* 


When  Should  These  Be  Used? 

To  warn  of  an  actual  or  potentially  dangerous  condition. 

How  Many  Warning  Lights? 

Ordinarily  only  one.  If  several  warning  lights  are  required,  use  a  master  warning  or  caution 
light  and  a  word  panel  to  indicate  specific  danger  conditions. 

Steady  State  or  Flashing? 

Flashing  lights  should  be  reserved  only  for  extreme  emergencies,  since  they  arc  distracting. 

Flash  Duration 


If  Hashing  lights  are  used,  flash  rates  should  be  from  3  to  10  per  second  (4  is  best),  with  equal 
light/dark  intervals. 

Warning  Light  Intensity 

The  intensity  of  the  warning  light  should  be  at  least  twice  as  bright  as  the  immediate  back 
ground,  The  background  should  be  dark  in  contrast  to  the  display  and  should  be  in  a  dull  finish. 
Make  provision  for  dimming  the  warning  light  if  it  is  to  be  used  in  dim  surroundings 

Light  Sizo 

The  warning  light  should  ordinarily  be  I  Vi  times  the  size  of  other  indicators  on  the  console. 

A  master  warning  or  other  extreme  emergency  light  should  be  twice  the  size  of  other  console 
indicators. 

Warning  Light  Location 

The  warning  light  should  be  located  within  30°  of  the  operator’s  normal  line  of  sight. 


Color 


Warning  lights  are  normally  red  because  red  means  danger  to  most  people.  Any  other  signal 
lights  in  the  operator’s  vicinity  should  be  of  other  colors. 

Location  and  Identification 

Warning  lights  become  less  effective  as  they  are  moved  out  of  the  center  of  the  operator's 
Held  of  vision;  urgent  warnings  should  always  be  within  30°  of  the  operator’s  normal  line  of  sight. 
For  very  urgent  warnings  the  warning  light  should  be  supplemented  by  an  auditory  warning. 


INDICATOR  DETAIL* 


Many  seemingly  minor  details  can  affect  the  ease  with  which  a  visual  display  will  be  seen,  read, 
and  interpreted.  Even  the  best  choice  of  presentation  type  will  suffer  if  the  principles  of  this  section 
are  neglected.  Frequently  the  designer  feels  that  he  has  finished  his  job  after  specifying  the  general 
characteristics  of  the  indicator  face  —  leaving  the  details  to  a  draftsman,  artist,  silk-screen  specialist, 
or  photo-lab  technician.  These  details  are  extremely  important  to  the  designer,  however,  and  he 
must  see  that  they  arc  recognized  and  followed  if  the  results  of  his  initial  design  are  to  be  really 
effective. 


IMPORTANT  GENERAL  CONSIDERATIONS 

1.  Distance  of  the  observer  from  the  display. 

2.  Position  of  the  observer  relative  to  the  display. 

3.  Type,  color,  and  amount  of  illumination  available  to  the  display. 


Design  of  Numerals,  Letters,  and  Indices  -  General 

In  general,  the  larger  the  size  of  letters  and  numerals,  the  less  we  have  to  worry  about  back¬ 
grounds  and  illumination. 

Capital  letters  are  recommended  for  most  panel  labels,  although  upper-  and  lower-case  letters 
arc  suggested  for  extended  instructional  material. 

All  labels  should  be  normally  oriented  so  that  they  can  be  read  from  left  to  right.  Special 
cases  of  vertical  orientation  are  permissible  when  the  label  is  generally  ignored  and  confusion  might 
arise  if  it  were  adjacent  to  more  critical  labels. 

If  instruments  or  observers  are  subject  to  vibration,  dials  and  markings  must  be  larger  than 
they  would  be  otherwise.  Dial  detail  should  also  be  simplified. 

Scale  indices  should  be  limited  in  number  to  the  accuracy  required  and  no  more.  The  smallest 
readable  division  should  never  be  finer  than  the  probable  error  in  the  metering  device.  Indices  may  he 
spaced  as  close  together  as  0.04  inch,  although  the  distance  should  not  he  less  than  twice  the  stroke 
width  of  a  “light''  index  mark  on  a  dark  background  nor  less  than  one  stroke  width  when  the  index 
is  darker  than  the  background  (fig.  1 1- 1 6).  A  minimum  of  •/;.  inch  is  recommended  for  the  distance 
between  “major”  indices.  (Dimensions  for  major,  intermediate,  and  minor  indices  are  given  in 
figure  11-17.)  These  figures  are  for  the  normal  instrument-panel  reading  distances,  14  to  28  inches. 

The  number  of  graduation  marks  between  numbered  scale  points  should  not  exceed  nine. 
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VIEWING  DISTANCE  (IN.) 

Figure  II- 16 


Stroke  Width  and  Viewing  Distance 
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Figure  11-17 

Legend  Readout  Dimensions 


li-25 


mmmwmmi 


Design  of  Numerals,  Letters,  and  Indices  -  Specific*  (See  fiywe  1118  and  table  116) 


STROKE 
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Figure  IF  1 8 

Nuniber/Lettcr  Style  and  Size 


TABLE  11-6 

NUMERAL/LETTER  HEIGHT  FOR  28-INCH  VIEWING  DISTANCE 
(For  other  viewing  distances,  multiply  the  value  by  distance  in  inches/28.) 


Critical  markings  position  variable 
(numerals  on  counters  and  settable  or 
moving  scales) 

Critical  markings  position  fixed 
(numerals  on  fixed  scales,  control 
and  switch  markings,  emergency 
instructions,  etc.) 

Noncritical  markings 
(instrument  identification  labels, 
routine  instructions,  any  marking 
required  only  for  initial  familiari¬ 
zation) 


HEIGHT  Oe  NUMERALS  AND  LETTERS  (IN.) 

Low  Luminance 
(down  to  0.03  ft-L) 

High  Luminance 
(1.0  ft-L  and  above) 

0.20  to  0.30 

0.12  to  0.20 

0.15  to  0.30 

0.10  to  0.20 

0,05  to  0.20 

.. 

0.05  to  0.20 

Style.  Letters  and  numerals  should  be  simple  block  type  without  serifs.  (Do  not  use  stencils.) 

1 .  Typical  fonts  lor  engraving:  Gorton  Extended,  Gorton  Normal,  and  Gorton  Condensed. 

2.  Typical  fonts  for  printing:  Airport  Semi-Bold,  Futura  Demi-Bold.  Vogue  Medium,  and 
Lining  Gothic  66. 


’Tumi  Woodson  ( l%3>.  Set-  also  Chaplet  VIII,  DISPLAY  LEGIBILITY  . 
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Height/Width  Ratio.  3:5  to  1:1  (1:1  used  for  mechanical  coun teis  only). 

Stroke  Width. 

1.  Dark  figure  on  light  background  =  1/6  of  letter  height. 

2.  Light  figure  on  dark  background  ~  I  /8  of  letter  height. 

Bo  *  ®1 

Light/Dark  Contrast.  Contrast  between  figure  and  background  should  be  1 2  or  greater.  C  ~  — , 

where  Bo  is  brightness  of  light  color,  and  B|  is  brightness  of  darker  color.  * 

READOUTS* 

Introduction 

The  material  included  in  this  chapter  deals  with  relatively  small  alphanumeric  indicator  dis¬ 
plays,  including  the  following  general  types: 

1 .  Cold  cathode  glow  discharge 

2.  Electroluminescent 

3.  Projected  image  (incandescent) 

4.  Electro-mechanical  (incandescent) 

5.  Edge-lighted  (incandescent) 

6.  Spherical  optic  (incandescent) 

Maximum  Viewing  Distance 

This  is  defined  as  the  maximum  distance  at  which  observers  arc  able  to  correctly  read  a  given 
readout  90 %  of  the  time.  Figure  1119  indicates  that  for  character  heights  up  to  approximately  3 
inches,  all  readouts  exhibit  a  linear  increase  to  a  maximum  viewing  distance.  Therefore,  character 
height  (visual  si/e)  more  than  any  other  parameter  determines  the  maximum  viewing  distance  in 
normal  ambient  hglit.  Brightness  alone  has  little  or  no  effect  on  viewing  distance:  cold  cathode 
(300  ft-L),  electro-mechanical  (30  ft-L),  and  projected  image  (50  fv-1.)  all  have  approximately  equal 
viewing  distance  limits. 

Brightness 

Because  of  contrast  considerations  display  brightness  is  important  in  high  ambient  illumination. 
Electromechanical  readouts  which  depend  on  reflected  light  for  viewing  are  most  readable  under  these 
conditions,  (’old  cathode,  electroluminescent  (EL),  and  incandescent  readouts  start  washing  out  as 
ambient  light  increases.  A  bright  readout,  however,  can  be  read,  in  high  ambient  light  easier  than  one 
with  low  brightness. 


*l'rom  Meister  and  Sullivan  ( 1 060) 
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Figure  II- 19 

Maximum  Viewing  Distance  vs  Character  Height 


plectro-mechanical  readouts  which  depend  on  external  lighting  are  difficult  to  see  in  low  am¬ 
bient  illumination.  Cold  cathode  types  and  other  light  emitting  devices  retain  about  the  same  viewing 
distance  as  in  normal  lighting. 

Some  readouts  which  use  bulbs  01  LiL  fade  with  use;  the  glow  discharge  type  does  not.  More 
brightness  can  be  achieved  with  incandescent  bulb  readouts  by  increasing  lamp  voltage,  but  this 
shortens  lamp  life. 

Stroke  Thickness 

A  good  ratio  of  stroke  to  height  is  I/O  of  the  character  height.  If  the  stroke  is  too  wide,  the 
characters  tend  to  run  together.  If  too  thin,  the  characters  tend  to  break  as  viewing  distance  increases. 

Viewing  Angle 

Viewing  angle  is  approximately  the  same  for  ali  readouts  except  for  electro-mechanical  and 
edge-lighted  types.  For  these  two  types  intensity  and  contrast  diminish  as  viewing  angle  increases 
above  30°,  and  at  large  viewing  angles  ambient  light  reflections  obscure  the  readout. 

For  cold  cathode  displays  the  maximum  viewing  angle  is  determined  by  the  requirement  that 
characters  near  the  bottom  of  the  stack  be  visible  over  the  next  tube  in  the  display.  A  maximum  view 
mg  angle  of  1 35-160°  is  possible. 


PICTORIAL  INDICATORS* 


Pictorial  indicators  (fig.  11-20)  are  useful  for  clarifying  spatial  relationships.  They  are  minia¬ 
ture  representations  of  the  world  outside  the  cockpit  or  control  room.  They  may  be  either  electronic 
or  mechanical  in  design. 


Figure  11-20 

Geographical  Indicators 


The  design  of  mechanical  as  well  as  electronic  pictorial  displays  poses  the  difficult  *|iiosiiou  of 
which  parts  arc  to  be  fixed  and  which  parts  are  to  move.  The  problem  is  luiiitcr  complicated  by  the 
fact  that  natural  visual-motor  relationships  enter  into  tlu-  picture  if  the  opera loi  affects  the  displav  by 
his  own  manipulative  efforts.  In  general  it  can  be  said  Unit,  as  an  op»  taint's  vehicle  moves  about  in 
space,  he  can  best  comprehend  a  display  that  gives  a  representation  of  Ins  movement  with  the  fixed 
portions  of  the  inslru.nent  representing  the  space  within  which  lie  lias  moved  Conversely.  it  is  gen¬ 
erally  true  that,  when  an  operator  is  interested  in  the  movement  of  some  other  object  that  is  moving 
about  him.  he  will  best  comprehend  the  display  that  gives  his  own  representation  as  the  fixed  portion 
of  the  instrument,  and  the  moving  portions  representing  objects  moving  about  him.  Special  care 
should  be  taken  in  the  choice  of  these  opposing  points  of  view.  It  is  especially  important  that  the 
two  opposing  conditions  do  not  appear  on  the  same  panel. 


’■  I  i  mi:  Woodson  and  Conover  (  I  %-t ). 
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COMBINcD  DISPLAYS 


The  combination  of  different  types  of  visual  displays  witlvin  one  instrument,  or  of  several 
instruments  into  an  array  or  within  a  single  frame  such  as  a  projection  or  television  screen,  should 
be  governed  by  the  following  principles: 

1.  Combine  only  those  forms  of  information  which  bear  a  common  relationship. 

2.  Keep  the  common  factor  of  interpretation  (fixed  and  moving  parts,  scale  values,  etc.) 
tire  same. 

3.  Minimize  parallax  between  successive  layers  of  overlays. 

4.  Do  not  confuse  the  operator  by  unnecessary  information. 

Single-Instrument  Combinations 

The  single  frame  of  one  instrument  for  more  than  one  item  of  information  saves  the  operator 
time  which  would  be  taken  in  locating  parts  of  a  total  picture  (fig.  11-2!  A). 

Scale  range  may  be  increased  by  combining  pointers  and  counters.  Tl,-.  total  range  may  be 
increased  by  extension  (pointer  plus  counter)  or  the  range  may  be  given  with  more  precision  (pointer 
plus  subdial  and  pointer)  (fig.  11-211)), 

NOTH:  This  type  of  scale  expansion  is  to  be  used  only  when  some  qualitative  information 
relative  to  rate  or  normal  operating  range  is  needed.  The  counter  is  best  when  on'y  quantitative 
information  is  needed. 

Do  not  use  multiple-pointer  displays  with  more  than  two  pointers  (  fig.  11-210. 

Typical  combined  instrument  displays  for  aircraft  are  shown  in  figure  11-22. 


FACTORS  TO  CONSIDER  IN  DITTOING  WHETHER  TUI  SCALE 
OR  POINTER  ( INDEX)  SHOULD  111-  Till:  MOVING  ELEMENT  IN  YOUR  DISPLAY 

I  In  general,  a  pointer  moving  against  a  fixed  scale  is  preferred. 

2.  If  you  wish  to  have  a  numerical  value  readily  available,  however,  a  moving  scale  appear¬ 
ing  in  an  open  window  can  he  read  more  quickly. 

3.  If  numerical  increase  is  typically  related  to  some  other  natural  interpretation,  such  as 
more  or  less,  or  u[>  or  down,  it  is  easier  to  interpret  a  straight-line  or  thermometer  scale 
with  a  moving  pointer  because  of  the  added  cue  of  pointer  position  relative  to  the  zero 

i  or  null  condition. 

I  4.  Normally  you  should  not  mix  types  of  pointer-scale  (moving  element)  indicators  when 

|  they  are  used  for  related  functions  lo  avoid  reversal  errors  in  reading. 

S.  If  a  manual  control  mci  the  moving  element  is  expected,  there  is  less  ambiguity  be¬ 
tween  the  diiection  ot  motion  ol  the  control  and  the  display  if  the  control  moves 
the  pointer  rathci  Ilian  the  stale 

j  o  II  slight,  '  analile  nioveiuenis  oi  tliangcs  in  quantity  are  important  lo  the  observer. 

I  these  will  be  more  appan-n!  il  a  moving  pointer  is  used. 
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Figure  1 1-21 

Combined  Instrument  Displays 


l,'iguvc  11-22 

Rolling  Bali  and  Moving  Map  Displays 


The  Whole-Panel  Concept 


The  instrument  panel  should  always  be  considered  as  a  whole  (fig.  H-23).  In  many  cases  this 
can  be  accomplished  by  simple  analysis  of  the  operational  sequence  and  arrangement  of  available 
instruments  to  reduce  scanning  distances  and  “backtracking.”  The  ideal  approach,  however,  is  to 
analyze  the  functions  to  be  accomplished  and  develop  an  integrated  instrumentation  layout.  This 
approach  quite  often  leads  to  entirely  new  displays  and  usually  reduces  the  actual  number  of  instru¬ 
ments  required. 


INTEGRATION  AROUND  A  VERTICAL- 
HORIZONTAL  REFERENCE  MAY  BE  USED 
TO  REDUCE  THE  OVER-ALL  SCANNING  PROFILE. 


AtlllUOf 


TEN  VERTICAL-SCAl.r.  HCATORS  REPLACE  32 
ROUND-DIAL  INDICATORS  FORMERLY  USED  FOR 
CONTROL  OF  A  PROPULSION  SYSTEM  THROUGH  THE 
USE  OF  ADVANCED  DIGITAL  COMPUTING  TECHNIQUES 
(AFTER  WRIGHT,  AND  BENDIX  COF  PORATION, 
NO  DATE). 

Figure  11-23 
Whole-Panel  Concept 


Frequently  it  is  desirable  to  provide  semi-permanent  overlays  with  scales  or  quantitative  sym¬ 
bology  to  be  referenced  to  a  C  RT  display.  Owing  to  the  disparity  between  the  plane  of  the  CRT  and 
the  overlay,  extreme  parallax  can  become  a  severe  problem  for  the  observer.  This  can  be  overcome 
by  the  use  of  ar.  arrangement  of  independently  lighted  plates  which  arc  reflected  in  a  half-silvered 
plate  mounted  45  degrees  to  the  line  of  sight.  This  makes  the  image  from  the  cdge-lighled  overlay 
appear  at  hie  same  plane  as  the  surface  of  the  CRT. 

A  combination  of  permanent,  semipermanent,  and  dynamic  elements  can  be  displayed 
simultaneously  by  means  of  back-projection  techniques.  This  is  particularly  good  from  the  observer’s 
point  of  view  since  there  is  no  parallax  between  elements.  Careful  control  of  contrasts  and  ambient 
glare  is  required,  however. 


Closed-circuit  television  systems  are  an  excellent  solution  to  the  problem  of  bringing  a  picture 
of  a  remote  operation  into  the  crew  work-area.  When  operator  panel  space  is  limited,  and  certain 
instruments  are  referred  to  only  intermittently  these  instruments  can  be  mounted  elsewhere  and 
called  into  view  on  the  TV  screen  as  required.  The  closed-loop  TV  technique  is  especially  useful  for 
observing  remote  hazard-areas,  such  as  may  occur  with  nuclear  engines,  or  for  control  of  “slave” 
manipulators  in  atomic  research  laboratories. 

A  principal  consideration  in  nil  of  the  above  types  of  display  techniques  is  proper  control  of 
ambient  lighting  conditions  at  the  operator’s  viewing  screen.  Since  the  illuminance  of  these  indirectly 
viewed  images  is  not  high,  ambient  light  should  be  filtered  or  blocked  from  the  screen  wherever 
possible. 

Design  Considerations  Associated  With  Combined  Displays 

Most  of  the  combination  displays  discussed  in  this  section  have  a  serious  problem  with  re¬ 
flected  light  because  of  the  necessity  for  large  areas  of  glass  which  cover  the  faces  of  the  instruments. 

Hoods  may  be  used  to  prevent  direct  ambient  light  rays  from  falling  on  the  display  cover  glass 
(fig,  H.-24).  Such  hoods  should  be  painted  dull  black  on  the  inner  side. 


Figure  11-24 

Hood  for  Eliminating  Ambient  Reflection 


Panels  which  have  a  great  amount  of  glass  are  prone  to  reflect  the  operator’s  face,  and  if  he 
is  wearing  light-colored  clothing,  this  too  will  interfere  with  his  seeing  the  display.  Although  we 
emphasize  mounting  instruments  normal  to  the  line  of  sight,  this  actually  creates  the  worst  condition 
for  “self  reflection.”  Therefore,  instruments  should  be  mounted  at  angles  slightly  off  the  normal  line 
of  sight. 


Integrally  lighted  instruments,  because  of  the  differences  in  amount  of  reflecting  or  ener¬ 
gized  markings,  tend  to  appear  unevenly  bright  to  the  observer.  T  his,  in  addition  to  large  glass- 
covered  areas,  suggests  use  of  other  than  black  instrument-face  backgrounds.  Medium  gray  tends  to 
help  maintain  an  over-all  balance  in  the  brightness  emitted  from  the  several  displays. 

Some  integrated  displays  have  the  problem  of  symbols  appearing  over  more  than  one  shade 
or  color  of  background,  't  is  important  to  recognize  this  and  take  steps  to  create  a  symbol  that  is 
equally  visible  under  all  conditions.  In  figure  11-25  note  that  the  airplane  symbol  has  been  outlined 
so  that  it  can  be  seen  in  either  the  dark  or  light  Background. 
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Figure  11-25 

Integrated  Display  Contrast 


When  using  off-the-shelf  instruments  from  different  manufacturers  on  the  same  panel,  he 
sure  there  are  no  inconsistencies  between  them.  A  good  case  in  point  occurs  with  combination 
instruments  which  use  a  pointer  with  digital-counter  insert.  In  figure  II-26A,  on  one  instrument  the 
counter  presents  gross  value  with  vernier  on  the  scale,  while  on  the  other  the  arrangement  is  reversed. 

Integrated  instrument  designs  usually  involve  more  than  one  type  of  pointer,  and  these  are 
generally  coded  by  shape,  size,  color,  or  other  special  scheme  of  marking.  Care  must  be  taken  to 
maintain  a  constant  code  throughout  the  panel.  In  other  words,  a  command  marker  should  appear 
in  the  same  configuration  on  each  instrument. 

The  importance  of  pointers,  index  markers,  and  lubber  lines  varies  with  different  instruments 
(fig.  11-261)).  Care  should  be  take:1  to  make  this  difference  apparent.  Variation  in  si/e  and  stroke 
width  are  the  most  acceptable  methods  for  accomplishing  this. 

There  is  a  tendency  when  combining  or  integrating  instruments  to  create  a  severe  maintenance 
problem  owing  to  the  necessity  for  miniaturization  and  dense  packaging.  Modularizing  techniques  are 
recommended  to  alleviate  this  problem.  Avoid  use  of  large  numbers  of  screws  if  possible.  Special 
fasteners  for  quick  release  are  desirable  -  as  are  quick-diseonncct  cable  connectors. 

Integrally  lighted  instruments  are  fine  when  they  are  operating,  However,  special  care  must 
lie  taken  in  the  design  of  the  instrument  for  lamp  replacement  (fig.  11-27).  Proper  selection  of  long¬ 
life  lamps  operated  slightly  below  rated  voltage  often  provides  sufficient  lamp  reliability  to  outlast 
the  required  life  of  the  instrument.  Electroluminescent  materials  are  suggested  also.  This  approach 
reduces  the  problem  of  uneven  illumination,  and  will  not  be  subject  to  “all  at  once”  loss  of  light. 
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Figure  11-26 
Combined  Displays 
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Figure  11-27 
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A  graphic  representation  of  a  complex  control  system  can  be  made  to  convey  operational 
status  to  an  operator  more  clearly  than  the  typical  array  of  abstract  meters  and  controls.  The  graphic 
panel,  as  it  is  called,  pictorializes  the  salient  features  of  a  system  directly  on  the  panel,  so  that  the 
operator  has  a  better  appreciation  for  the  parts,  direction  of  flow,  and  subsystem  relationships.  The 
extent  to  which  the  elements  of  the  display  are  static  or  dynamic  will  depend,  of  course,  upon  how 
much  the  designer  has  to  spend  on  the  panel.  In  the  simplest  case,  elements  of  the  system  can 
merely  be  painted  on  the  panel.  For  more  complex  or  exotic  renditions,  the  elements,  including 
flow  lines,  can  be  made  to  appear  dynamic  by  means  of  illuminated  indicators,  edge-  or  back-lighted 
lines,  or  by  use  of  electroluminescent  panels  and  strip  elements.  Color  coding  is  quite  useful  in  segre¬ 
gating  various  subsystems  or  for  emphasizing  certain  critical  elements  of  the  display.  Another  tech¬ 
nique  which  is  useful  is  the  flashing  light  for  attracting  attention  to  important  elements  of  the  display  - 
especially  when  it  is  important  for  the  operator  to  react  to  the  signal  quickly. 

A  typical  application  used  aboard  submarines  is  the  panel  which  displays  open  or  closed  hatch 
conditions.  In  figure  II-28A,  the  circles  (when  illuminated)  indicate  that  a  particular  hatch  is  still 
open.  Not  until  all  bars  are  illuminated  can  this  command  be  given  to  submerge. 

In  figure  II-28B,  missile  tubes  are  pictorialized,  showing  when  the  hatch  is  open  and  also  when 
a  missile  tube  is  being  Hooded.  Electroluminescent  panels  are  very  useful  in  making  up  displays  of 
this  type. 

Combinations  of  edge-lighted  lines,  areas,  symbol  and  indicator  lights,  annunciators,  or  illu¬ 
minated  instruments  are  useful  in  developing  a  graphic  layout  of  complex  systems  (see  figure  11-29). 

In  the  design  of  graphic  panels  using  edge-lighting  techniques,  it  is  important  to  control  the 
spread  of  iight  in  the  plastic  transilluminsting  medium.  Barriers  must  be  provided  between  elements 
to  avoid  having  stray  light  from  one  part  of  the  graphic  affect  another.  Also,  it  is  important  iu  posi¬ 
tion  the  lamps  in  such  a  way  that  there  is  a  good  balance  among  various  parts  of  the  display.  If  it  is 
impossible  to  locate  the  lamps  in  an  optimum  position,  it  is  sometimes  possible  to  balance  the  illumi¬ 
nation  by  means  of  filters. 
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AUTOMATIC  PRINTERS  AND  GRAPHIC  RECORDERS 

Design  of  chart  paper  to  be  used  in  automatic  pen-recording  equipment  should  consider  visi¬ 
bility  and  legibility.  Under  normal  lighting  conditions,  the  paper  should  be  white,  graph  lines  black, 
and  pen  tracing  red,  green,  or  some  other  color  which  shows  up  well  against  the  black  graph  incs. 

Pcn-rccording  devices  should  be  designed  so  that  the  pen  assembly  covers  no  more  of  the 
chart  than  is  absolutely  necessary. 

Captive-paper  storage  should  be  provided  so  that  the  operator  isn  t  requited  to  piovidc  some 
make-shift  method  for  collecting  the  paper  as  it  conies  from  the  machine.  The  method  for  reloading 
chart  paper  should  be  made  as  simple  as  possible. 

Pen  assemblies  should  be  designed  so  that  they  are  easy  to  refill  and  dc  not  leak  or  lead  to 
spillage  because  the  operator  did  not  adjust  the  assembly  properly. 

Recording  devices  should  be  designed  so  that  it  is  possible  for  the  operator  to  make  notes 
directly  on  the  chart.  Continuously  variable  paper-speed  control  is  recommenced.  Manual  controls 
should  be  placed  so  that  the  operator  does  not  cover  the  tracing  as  he  adjusts  the  conti  ol  kno  :>s. 

Provide  a  simple,  sure  method  for  tearing  or  cutting  off  finished  chart-paper  segments. 

For  single-sheet  chart  systems,  the  pen  should  always  move  from  Iclt  to  right.  For  moving- 
cnart  systems,  lire  paper  should  move  from  right  to  left.  For  printers  (e.g.,  teletype),  the  paper 
should  move  from  bottom  to  top. 


NAVY  UYA-4  STANDARD  CONSOLE 

A  standard  console  for  multiple  applications  in  shipboard  use  is  shown  in  figure  11-30.  It 
incorporates  a  large  CRT,  direct  readouts  (DRO),  quick  action  controls,  and  selectable  display  modes. 
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UNDERWATER  DISPLAY  ILLUMINATION 


It  is  common  knowledge  that  the  human  eye  is  incapable  of  focusing  properly  when  im¬ 
mersed  in  water.  This  is  primarily  due  to  the  fact  that  the  normal  air-cornea  interface  is  replaced 
by  a  water-cornea  boundary.  Since  the  cornea  and  water  have  similar  densities,  little  refraction  occurs 
and  the  lens  cannot  adequately  focus. 

Most  underwater  display  vision,  however,  will  involve  viewing  through  a  facemask.  This  allows 
focusing  but  adds  refraction  at  the  water-air  interface.  The  refraction  index  of  water  is  1 .34  as  com¬ 
pared  to  1.0  for  air.  The  apparent  distance  from  a  viewed  object  would  be  1/1.34,  or  0.75  times  its 
true  distance.  Vision  should  therefore  be  clearer  since  the  image  is  magnified  25  to  30  percent.  How¬ 
ever,  underwater  viewing  capability  is  limited  due  to  scattering  of  particles  between  the  light  source 
and  the  object  viewed,  causing  reduction  in  contrast.  Both  refractive  and  reflective  particles  are 
involved,  particularly  in  coastal  waters  where  microscopic  marine  organisms,  debris,  and  sediments 
arc  stirred  up  by  tidal  action  near  shores. 

The  facemask  structure  also  is  limiting.  Incident  light  is  totally  reflected  at  approximately 
48.6°  (the  critical  angle).  This  sets  a  limit  for  the  cone-of-vision,  about  48.6°  half  angle  and  97.2° 
total,  as  compared  with  a  135°  vertical  and  188°  horizontal  field  of  view  in  air  without  a  mask. 

Even  in  perfectly  clear  water,  mask  fogging  tends  to  '.educe  visual  resolution  capability. 

Another  consideration  is  that,  when  the  image  is  magnified,  its  total  area  is  increased  and  thus 
luminance  of  any  one  part  viewed  is  reduced.  Increased  area  equals  ( 1 .34)“ ,  or  1 .8,  and  luminance 
of  a  viewed  object  is  decreased  1/1.8,  or  0.55. 

Color  differences  arc  aiso  significant.  Beam  and  Shannon  ( 1 967)  tested  subjects  viewing  dis¬ 
plays  with  white,  red,  and  green  lighting.  Subjects  generally  preferred  green  but.  although  green  pro¬ 
duced  faster  response  time  than  white,  it  also  generated  the  greatest  number  of  errors.  They  found 
that  red  provided  a  lower  error  rate  than  green,  the  same  reaction  time  as  green,  and  had  the  added 
advantages  of  preserving  operator  dark  adaptation  for  external  viewing  'important  for  swimmer- 
diver  vehicle  (SDV)  mission  functions  such  as  rendezvous  and  docking  with  a  transport  submarine;. 
Green  also  required  more  electrical  power  than  red  or  white.  However,  it  has  the  advantage  that, 
in  water  "highly  contaminated  witli  suspended  particles,”  given  would  be  the  least  attenuated  and 
absorbed. 

Beam  and  Shannon  concluded  that,  in  general,  white  illumination  should  be  used  for  under¬ 
water  display,  but  indicated  further  study  should  be  made. 


11-41 


Chapters  III  through  VII  are  excerpted  from  Meister  and  Sullivan  (1969).  Their  guide  was 
intended  for  ease  of  use  by  designers  and  yet  is  thorough  in  backing  recommendations  with  referenced 
empirical  evidence  to  assure  user  confidence.  Meister  and  Sullivan  state  that  they  are  writing  to  meet 
the  following  criteria: 

“  1 .  Emphasis  on  substantive  design-relevant  data 

2.  Minimal  verbal  material 

3.  Emphasis  on  pictorial  illustrations  and  graphs 

4.  Inclusion  of  equipment  factors  affecting  display  parameters 

5.  Simplified  presentation” 

Although  style  differences  from  Woodson  and  Conover  will  be  apparent,  they  are  attempting  to  ac¬ 
complish  the  same  goals  -  ready  reference  and  clear  communication.  As  it  happens,  the  chapters 
selected  for  inclusion  here  supplement  the  Woodson  and  Conover  selections  quite  well,  with  mini¬ 
mal  need  for  additions,  deletions,  paraphrasing,  or  transitional  material. 

Chapters  111  through  VII  deal  only  with  visual  displays  of  the  command  control  type  that 
is,  displays  commonly  used  in: 

1.  Detection,  identification,  and  tracking  of  targets 

2.  Weapons  assignment  and  firing 

3.  Strategic  and  tactical  planning 

4.  Transmission  of  command  information 

5.  Status  or  equipments  and  forces 

6.  Communications 

7.  Logistics 

Tire  following  types  of  display  devices  are  described: 

1.  Elan  position  indicators  (PPIs)  of  the  cathode  ray  tube  (CRT)  type  (A  and  B  scan  de¬ 
vices  and  their  characteristics  have  not  been  considered  due  to  the  lack  of  substantive  data  in  this 
area.) 

2.  Console-type  televised  or  projected  displays 

3.  Dirge  screen  televised  or  projected  displays 

4.  Warning  signals 


5.  Readouts 
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CHAPTER  ill 


CATHODE  RAY  TUBE  DISPLAYS  (PPI) 


INTRODUCTION 

This  chapter  describes  certain  human  characteristics  and  their  interrelationships  with  CRT- 
type  display  devices.  Most  of  the  performance  data  and  the  display  characteristics  referred  to  in 
this  chapter  are  based  on  PPl-type  displays.  This  is  due  entirely  to  the  lack  of  data  about  human  per¬ 
formance  on  A-scan.  B-scan,  and  other  types  of  devices. 

The  data  presented  here  can,  where  applicable,  be  applied  to  scan  types  other  than  PPI's,  but 
only  with  extreme  care  and  judgment. 

The  design  questions  covered  in  this  chapter  deal  with  the  detection  function  only. 

1.  How  large  should : 

a.  The  PPI  scope  be 

b.  The  display  be 

c.  The  target  pip  be 

2.  What  is  the  most  desirable: 

a.  Scanning  rate 

b.  Viewing  distance 

e.  Viewing  angle 

3.  What  is  the  effect  on  pip  visibility  of: 

a.  Display  brightness 

b.  Background  brightness 

c.  Target  brightness 

d.  Target  duration 

e.  Contrast 

f.  Noise 

g.  CRT  bias 

h.  Ambient  illumination 

4.  What  phosphors  are  the  best  to  employ. 

5.  Operator  performance  and  equipment  characteristics. 

HOVt I  LARGE  SHOULD  THE  SCOPE  BE? 

No  single  recommendation  is  very  safe.  All  the  evidence  indicates  mat  optimal  size  for  detec¬ 
tion  is  7  inches  diameter. 

Figure  III-!  shows  search  time  as  a  function  of  search  area  under  conditions  comparable  to 
real-world  display  conditions. 
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Figure  III  1 

Search  Time  vs  Search  Area 


Figure  111-2  shows  that  the  7”  scope  is  superior  to  a  10”.  and  10”  to  a  !  4  scope  at  outer  ranges 
(best  tor  long-range  detection).  Detection  is  degraded  as  search  area  is  increased.  Ranking  is  re¬ 
versed  at  inner  ranges  (Baker,  (Ml..  1002).  Additional  evidence  suggests  that  detection  on  a  6 
or  9"  display  is  superior  to  either  a  5”  or  1  2”  and  id”  display  (lig.  1113)  (Horowitz.  F  .  1065). 
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F  igure  lll-l 

Target  Detectability  as  a  Function  of  Range  for  Three 
Sizes  of  Radar  Scope  (Baker.  (Mi..  1062) 
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Figure  H5-3 

The  Percentage  of  Targets  Detected  on  Each 
of  Five  Sizes  of  Displays  (Baker  and  Earl) 


Considerations  -  The  7”  recommendation  applies  only  when  smaller  target  sizes  (2-8  mm) 
arc  used.  When  larger  target  sizes  (12-16  mm)  are  used,  the  advantage  of  the  7”  scope  disappears 
(fig.  HI-4). 


Figure  HI-4 

Signal  Requirements  for  SO'?.  Detection  as  a  Function  of 
Apparent  Scope  Size  for  All  Pip  Si/ os  (Williams  et  al,  1955) 
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The  tradeoff  is  between  pip  size  ami  scope  size.  Radar  detection  improves  as  pips  net  larger 
up  to  about  60  minutes  of  visual  angle,  but  decreases  continuously  as  the  scope  gets  larger.  The  prac¬ 
tical  tradeoff  suggests  a  scope  size  of  17.5  to  28  inches.  Probably  the  1"  scope  vvouid  still  be  the  best 
for  different  detection  functions,  but  only  if  the  pip  could  be  enlarged  without  enlarging  the  scope. 

Best  Guess  -  As  long  as  pip  size  is  between  i  2  and  1 6  nun.  the  best  size  is  in  the  range  12  to 
lb  inches  diameter,  differences  in  this  range  being  unimportant.  The  larger  CRT  scopes,  which  auto¬ 
matically  magnify  pip  size,  appear  to  be  more  effective  for  detection.  There  are  also  techniques  for 
electronically  amplifying  pip  size. 

Predicting  Detectability  from  Display  Geometry 

Pip  det  ‘ability  thresholds,  usually  expressed  in  terms  of  decibels  attenuation  of  a  reference 
voltage,  can  b  dieted  from  display  geometry  using  the  regression  equation  below:  adding  regres¬ 
sion  terms  for  scope  area  and  pip  size  does  not  improve  the  overall  prediction. 


Y  =  26.02  +  2..! 3 x  -  0.22x-  -  0.46.x/  a  2.09/. 

where: 

Y  -  mean  delectibility  threshold  in  decibels 
of  attetttuation  of  a  reference  voltage 

x  =  target  range  m  tenths  ul  PPI  radius 

z  =  usable  display  diameter  in  units  of  7  inches 
(Baker.  (Ml.  1962) 

i  IOW  LAftGE  SHOULD  THE  PIP  BE? 


Pip  size  is  governed  by  a  large  numbei  of  lac 'tors  which  arc  ordinarily  outside  the  control  of 
the  display  designer.  Primary  among  these  a  - 

1.  Pulse  length 

2.  Target  extent  (along  Hie  axis  oi  the  He. uni  in  i.ins'c 

3.  Target  extent  in  licurim.' 

4.  Scan  rate 

5.  Echo  level 
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Within  the  constraints  imposed  by  these  factors,  figure  1II-5  suggests  that  the  minimum  tar¬ 
get  size  for  recognition  is  12  minutes  of  arc.  This  assumes  high  contrast  and  ideal  viewing  condi¬ 
tions.  To  design  operational  equipment,  a  safer  bet  is  that  the  minimum  visual  angle  should  be 
approximately  2G  minutes. 
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Figure  111-5 

Relative  Increase  or  Decrease  in  Search  Time 
and  Errors  as  n  Function  of  Target  Size 


Within  the  range  of  7  to  28  inches  of  scope  diameter  and  ?.  to  1 6  mm  of  pip  diameter,  (lie 
huger  the  pip,  the  less  important  is  scope  size.  Medium  and  smad  scopes  am  be  at  least  as  efficient 
as  large  scopes  at  the  same  level  of  resolution.  (Colman  et  al.  1 958. ) 

Die  minimum  detectable  separation  between  targets  is  one  minute  of  arc,  which  is  beyond  the 
capabilities  of  most  present  tubes. 

Assuming  a  !  2-inch  viewing  distance  from  (lie  target.  "  target  must  have  a  minimum  size  of 
0.042  inch  as  displayed  in  order  to  expect  relatively  accurate  m  J  rapid  recognition.  Given  these 
values  (visual  angle  of  I  2  minutes,  viewing  dista:  to  i  2  inches),  one  can  plot  display  size  against  tar¬ 
get  size  ip  accordance  with  the  f  I  <g  formula. 


I>:  .pl'iy  size  __  ground  range  +  fkp 
in  iii;  in  ,  target  s.vo 

(sec  figure  1 1 1-6).  )  .  n  le:  if  the  smallest  t.ireci  one  needs  -o  recognize  is  1000  feet  in  its  greatest 
iliinen.sion.  ami  On  ■  ni  displays  (a  target  raiij  . )  .m  nudogi".-  of  a  slnu  of  grimed  40  miles  wide, 
the  display  must  have  i-.‘.e  dimension  of  not  less  than  10. .1  'i.clu-  tSteeuman  and  Baker,  I960). 
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Figure  111-6 

Required  Display  Size  Plotted  Against  Target  Si/.c  for 
Various  Ground  Ranges  Displayed  to  the  Observer 
( Bendix  C'orp..  1959) 


Considerations  Detectability  varies  with  the  si/e  of  the  signal.  From  signals  of  approxi¬ 
mately  1  mm2  to  those  of  approximately  2  cm2 .  the  slope  of  l ho  si/.e-detcctability  relationship  is 
essentially  linear  (fig.  III-7).  Beyond  signals  of  2  enr  .  the  slope  levels  off.  This  is  true  for  both 
bright  and  dim  background  luminance  (IX-cse.  1954). 
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Figure  1H-7 

Detectability  as  a  Fum  in  of  Signal  Si/e  fora  TIM  Bias  of  2  V  below  VRI:i;  (-22  V). 

The  background  luminance  is  approximately  0.01  millilamberls  at  10’  behind  the 
sweep.  A  similar  curve  is  found  for  a  CRT  bias  of  It)  V  below  VKI  (-16  V)  (Deese,  1954) 

+VKI  “  Visual  refeience  imli-.N  .  .IH  Ilk’ll  as  "a  dim  .nn  n  mu  «,  hu  ll  l  In-  sweep  line  is  li.uelv  visible”  (  Baker.  (Ml..  1 962 ) 


HOW  PERSISTENT  SHOULD  THE  PIP  BE? 


In  order  for  tire  eye  to  detect  the  presence  of?,  signal  on  a  CRT,  the  signal  must  be  suffi¬ 
ciently  bright  (see  luminance),  large  enough  (sec  preceding  section)  or  be  present  for  a  long  enough 
period  of  time.  For  detection  of  weak  signals  on  a  CRT.  the  signal  must  appear  for  a  minimum  ol 
0.1  second.  Maximum  visual  sensitivity  of  the  eye  occurs  between  0.2  and  0.3  seconds  of  observa¬ 
tion  time.  Figure  111-8  indicates  that  for  detection  of  relatively  weak  signals,  0.1  second  is  the  min¬ 
imum  level  of  acceptable  exposure  time  (Mirabella  and  Goldstein,  1967). 

For  every  increase  in  unit  log  area  visual  angle  of  signals,  one  can  expect  about  8-dB  increase 
in  detectability.  By  doubling  the  area  of  a  display,  assuming  resolution  is  constant,  one  gets  about  a 
2-dB  increase  in  detectability  for  all  but  the  very  largest  signals  (Baker,  C.  H.,  1 963). 
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Figure  Hl-8 
Signal  Persistence 


WHAT  IS  THE  MOST  DESIRABLE  SCANNING  RATE? 

The  PPI  scanning  rate  foi  the  optimal  1"  tube  in  a  radar  application  should  be  not  less  than 
1  2  rptn,  preferably  higher  (Kober.  1952).  However,  data  on  larger  tubes  arc  lacking. 
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WHAT  l-S  THE  MOST  DESIRABLE  VIEWING  DISTANCE? 


For  console  viewing,  IS  inches  is  the  recommended  viewing  distance.  Performance  has  been 
acceptable  in  the  range  of  14  to  18  inches;  however,  viewing  distances  of  less  than  1 6"  are  not  recom¬ 
mended  due  to  eye  strain  and  fatigue  effects.  Arm  reach  (28”  max.)  is  an  important  consideration 
when  the  operator  must  use  controls  on  the  console  surface.  This  determines  maximum  viewing 
distance. 


WHAT  IS  THE  MOST  DESIRABLE  VIEWING  ANGLE? 

Optimally,  the  most  desirable  is  at  right  angles  ( 90° )*  to  the  PPI  screen.  Viewing  angles  up  to 
30°  from  optimum  can  be  tolerated,  if  necessary,  but  result  in  some  loss  of  pip  visibility.  Between 
90°  and  60°  visibility  is  unimpaired.  At  45°  there  is  a  drop  off  of  3  dB,  and  at  30°  a  further  drop  of 
3  dB  (Kobcr,  1952). 

LUMINANCE 

For  a  dark  adapted  area,  scope  luminance  should  be  between  JO  and  1 00  J'l-L, depending  on 
the  type  of  display  and  ambient  illumination.  The  ideal  background  scope  luminance  for  high  ambient 
illumination  should  be  about  lOO  ft-L  (Dyer  and  Christman,  1965). 

Considerations  -  The  visibility  of  the  radar  pip  increases  with  display  luminance.  This  indi¬ 
cates  that,  as  background  liminance  increases,  the  visual  angle  which  can  be  resolved  becomes  smaller 
and  smaller. 

Data  more  specific  to  the  CRT  pip  is  shown  in  figures  1 11-9  and  111-10,  which  indicate  that 
not  only  is  the  visibility  of  the  pip  increased  with  luminance,  but  also  the  range  at  which  it  is  detected 
(Baker,  C.  H„  1962). 
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Figure  HI-9 

Pip  Visibility  Threshold  and  Display  Luminance  (CRT  bias)  on  a  PPI  (Williams,  1949) 

■"This  is  only  theoretically  h  ue.  Since  anliieflcctivc  coalings  have  not  been  perfected,  viewing  nonnal  to  the  scope 
surface  will  most  probably  present  the  observer’s  own  reflection.  Viewing  slightly  off  from  ('()°  reduces  this  problem. 
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CRT  BIAS  (VOLTS) 

Figure  111-10 

Percentage  of  Maximum  Range  at  Which  a  Pip  is  Visible  as  a  Function 
of  Display  Luminance  (data  translated  from  figure  UI-6)  ( Thornton,  1954) 


VISIBILITY,  CRT  BIAS,  AMD  GAIN 

The  most  effective  pip  visibility  occurs  with  a  low  to  moderate  gain,  as  shown  in  figure  III- 1  1 
(Baker,  C.H.,  1964). 

Optimum  detectability  -  i.e.,  detection  of  weak  pips  -  occurs  at  an  intensity  and  bias  in  the 
middle  range  of  values  (Grant  et  al,  1961 ). 

Investigation  of  B-scan  bias  levels  indicates  that  optimum  bias  level  is  independent  of  noise. 

Considerations  -  In  general,  the  higher  the  beam  current,  the  longer  the  visual  persistence  of 
the  strong  signals.  Maximum  visibility  of  a  signal  during  the  first  7  seconds  after  excitation  is  obtained 
with  a  CRT  bias  in  which  the  sweep  is  fairly  dim  yet  clearly  dettctable.  or  images  having  decayed 
more  than  7  seconds,  best  visibility  occurs  at  a  higher  bias  furnishing  a  less  bright  sweep  (Baker,  C.  IT, 
1962).  These  effects  are  shown  in  figure  1II-I  2. 

Luminance  Adjustment  -  Operators  are  commonly  allowed  to  adjust  the  brightness  setting  of 
their  displays.  There  is  evidence,  however,  that  they  cannot  do  t his  ef  ficiently  (figure  111-13),  Analyti¬ 
cally  determined  luminance  adjustments  give  better  pip  visibility.  A  simple  technique  which  is 
recommended  is  to  use  a  light  filter  of  such  a  density  that  making  the  sweep  line  just  visible  through 
it  provides  optimum  luminance  or  noise  level.  Such  a  filter  would  be  specific  to  a  particular  scope 
(Baker.  C.H.,  1963). 
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Figure  HI-1 1 

Target  Visibility  Thresholds  and  CRT  Bias 
for  Th*\-  Levels  of  Gain  (Baker,  C.H.,  1963) 


There  is  a  gradient  of  scope  luminance  in  the  radial  dimension  on  a  PPL  Detectability  threshold 
signal/noise  ratios  are  a  function  of  ladial  range.  Because  of  this,  the  setting  of  optimum  luminance 
should  be  made  with,  reference  to  that  radial  position  which,  is  of  greatest  importance  in  detection.  In 
early  warning  radars  optimum  brightness  should  be  set  near  the  periphery  of  the  scope  Whenever 
radar  range  scales  are  changed,  scope  luminance  changes  and  therefore  must  be  reset  to  restore  opti¬ 
mum  luminance.  The  grid  voltage  required  to  generate  optimum  luminance  changes  as  the  CRT  ages; 
hence  luminance  must  be  adjusted  periodically  (Baker,  C.  H..  1962). 

Figure  III- 14  shows  that  a  reduction  in  any  one  factor  —  background  luminance,  symbol  size, 
or  contrast  —  may  be  compensated  for  by  an  increase  in  one  or  more  of  the  others.  As  an  example, 
the  chief  effect  of  reducing  contrast  is  a  shift  of  the  curve  upward  in  the  direction  of  increased  target 
size  for  a  given  probability  of  detection  (Lovelace  Foundation,  1968). 
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Figure  111-12 

Target  Visibility  as  a  Function  of  CRT  Bias 
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Figure  J II- 1 3 

A  Comparison  of  Target  Detectability  Thresholds 
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Figure  IIM4 

Relation  Between  Target  Size,  Threshold  Background  Luminance,  and  Contrast 
(Lovelace  Foundation.  1968).  Thresholds  are  at  the  50%  probability  of  detection 
level;  multiplying  the  values  by  2  (log  0.3).  the  values  can  be  converter! 
to  about  the  95%  probability  of  detection. 
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Figure  II I- IS  shows  that  with  large  targets  on  bright  backgrounds  (curves  for  1 2  1  and  360 
minutes  of  visual  angle),  (lie  brightness  contrast  can  be  low  and  still  provide  a  high  probability  of  de¬ 
tection.  (The  curves  in  the  figure  are  the  contrast  required  for  50%  detection  probahilit'  .) 

Contrast  enhancement  by  edge  sharpening  techniques  which  tend  to  increase  both  resolution 
and  contrast  has  been  found  to  increase  probabilities  of  detection,  recognition,  and  designation,  and 
to  increase  the  speed  with  which  these  events  occur  (Humes  and  Bauersehmidt,  1968). 


TARGET  SIZE  IN  MINUTES  OF  ARC 
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Figure  111- 1  5 

Contrast  Thresholds  for  Different  Target  Sizes  and  Background  Luminances 
(Lovelace  Foundation.  i%K).  Thresholds  are  at  the  50' »  probability  of 
detection  level;  multiplying  the  values  by  2  (log  0.2),  the  values  can  be 
converted  io  about  the  95'.'  probability  of  detection 


NOISE  EFFECTS 


The  effect  of  gaussian  noise  on  pip  visibility  is  shown  in  figure  lll-lo.  Noise  reduces  the 


amount  of  improvement  found  in  opera  tint.*  at  optimum  luminance. 
(Baker,  C.H.,  1962). 


nit  the  improvement  still  persists 
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l.ffed  of  Noise  on  Pip  Visibilitv  ("  iiliains.  1949) 
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CRT  detection  is  degraded.  as  mic  would  expect.  with  an  inerease  in  display  noise,  Figure  111-17 
indicates  that  at  optimum  scope  brightness  noise  impairs  visibility,  but  with  dim  scope  it  actually  adds 
visibility,  since  the  noise  adds  meded  luminance  to  the  scope  (Baker.  C.li..  Ido?.). 
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Figure  1 1 1- 17 

Pip  Visibility  Threshold  and  Scope  Luminance  for  Pips  of 
Three  Sizes  Under  Noise  and  Noise-Free  Conditions 


Detection  and  localization  performance  as  a  function  ol'S/N  ratio  and  ambient  illumination 
for  several  common  phosphors  is  shown  in  figure  HI-18  (Sonn  and  Carr.  l(>o7).  The  curves  presented 
show  a  strong  dependence  for  iK  lection  probability  with  S/N  ratio. 
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Figure  III- 1 8 

Detcction-and-Localization  (DAL)  Accuracy  as  a  Function  of 
Signal-to-Noise  Ratio  with  Ambient  Lighting  as  the  Parameter 


TARGET  SYMBOLS 


The  ability  to  identify  (as  opposed  to  detect)  different  target  shapes  on  a  PPI  scope  varies  as 
a  function  of  the  shape  used.  Tabic  111- 1  shows  accuracy  of  identification  of  common  geometric 
shapes  under  conditions  of  low  and  high  noise  (  Baker,  C.H..  1961- ). 


TABLE  Ill-i 

ACCURACY  OF  IDENTIFICATION  OF 
GEOMETRIC  SHAPES  UNDER  LOW/HIGH 
NOISE  CONDITIONS 


Ta-get  Shape 

Correct 

Identification  (%) 

Low 

Noise 

High 

Noise 

Triangle 

88  (1) 

56(1) 

Square 

29  (4) 

35  (2) 

Circle 

76  (2) 

27  (3) 

Cross 

... 

22  (4) 

Trapezoid 

70  (3) 

... 

Rectangle 

37  (5) 

... 

Ellipse 

30  (6) 

... 

Another  study  showed  that  the  following  four  symbols  are  most  legible: 

□  OZ  + 


At  viewing  distances  up  to  10  feet,  symbols  should  be  0.4  inch  or  larger  -  i.e..  fit  into  a 
square  0.4  X  0.4  inch.  Stroke  width-to-height  ratios  should  be  between  1 :6  and  1:10.  The  symbols 
should  subtend  at  least  22  minutes  of  are  at  the  observer’s  eye.  (Baker,  C.  H.,  1962). 

The  above  data  should  be  applicable  to  the  selection  of  symbols  for  such  equipments  as  air 
traffic  control  radar  where  aircraft  must  be  identified  and  tracked. 

AMBIENT  ILLUMINATION 

Ambient  illumination  up  to  a  level  of  0.1  footcandle  does  not  impair  pip  visibility.  Illumina¬ 
tion  of  higher  than  this  does  impair  detectability  (see  figures  III- 1 9  and  111-20)  (Adler  et  al,  1953). 
This  applies  regardless  of  the  color  te.g.,  red)  of  the  ambient  lighting. 

Scope  brightness  should  be  adjusted  so  that  the  higher  levels  of  illumination  that  must  be 
tolerated  are  not  more  than  100  times  the  average  scope  brightness.  Except  for  radar  used  in  aircraft, 
the  brightness  levels  of  the  scope  and  the  physical  surroundings  should  he  similar  t Baker.  C.H.,  1962). 
This  is  often  difficult  to  accomplish. 
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Figure  II I- 19 

Visibility  and  Ambient  Illumination  (Baser,  C.H.,  1960) 
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figure  111-20 

Decrease  in  Target  Visibility  at  Higher  Light  Levels  (Baker,  C.H..  I960) 


PHOSPHORS 

Tabic  111-2  presents  information  on  the  characteristics  of  phosphors  available  for  display 
applications  (Luxenberg  and  Kuehn,  1968;  Gould,  1968). 
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TABLE  III-2 

PERSISTENCE  CHARACTERISTICS  AND  CRITICAL  FLICKER 

FREQUENCY  (OFF)  OF  PHOSPHORS  COMMONLY  USED  ON  DISPLAYS 

(GOULD,  1968) 
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OPERATOR  PERFORMANCE  CHARACTERISTICS 


1.  There  are  large  imii  idual  differences  among  operators  in  detecting  targets  on  PPI  displays. 

2.  The  requirement  to  search  the  entire  PPI  scope  results  in  about  13%  fewer  detections  on 
the  average  than  when  the  operator  is  alerted  to  the  target’s  probable  bearing. 

3.  Detection  ol  targets  at  midrange  on  the  PPI  is  more  rapid  than  at  close  or  far  range. 

4.  Repeated  presentations  of  a  target  (up  to  5  echoes)  arc  often  necessary  to  elicit  valid 
detection  reports. 

5.  The  range  between  10%  and  90%  probability  of  detection  on  a  PPI  is  only  about  4.5  dB. 

6.  Setting  the  PPI  -  rope  brightness  at  the  visual  reference  intensity  (VR1),  as  often  recom¬ 
mended,  adversely  affects  target  detection.  The  optimum  brightness  for  detection  is  well  above  this 
setting. 

7.  Operators  typically  do  not  adjust  CRT  bias  and  gain  optimally  for  detection.  Weak  sig¬ 
nals  can  be  deducted  much  more  frequently  using  experimentally  determined  optimum  settings  than 
when  the  operator  uses  his  own  setting. 

8.  Signals  can  be  missed  even  when  the  eyes  are  fixated  on  the  PPI. 

EQUIPMENT  CONSIDERATIONS 

1 .  Pulse  length :  Increasing  pulse  length  of  short  pulses  improves  detection  very  markedly, 
the  effect  on  longer  pulses  is  not  as  significant. 

2.  Antenna  rotation  rate:  II  the  rotation  rate  is  sufficient  to  paint  a  uniform  background  on 
the  scope,  detectability  is  essentially  independent  of  rotation  rate,  if  the  background  is  discontinuous 
and  “grainy,”  the  slower  rotation  rates  arc  slightly  advantageous,  over  a  range  of  about  I  to  70  rpm. 

3.  Sweep  rotation  rate:  I  lie  slower  the  sweep  rotation  rate,  the  higher  the  detectability 
of  the  signal. 

4.  Beam  width:  lhe  beam  width  ol  the  antenna  largely  determines  the  angular  dimension 
ol  the  pip.  From  2  to  12  degrees,  detection  improves  as  the  2/3  power  of  beam  width. 

5.  Video  bandwidth:  No  effect  of  video  bandwidth  on  detection  has  been  found. 

b.  Sweep  direction:  No  significant  difference  between  clockwise  and  counterclockwise 

direction  of  movement  of  the  sweep  line. 

7  The  higher  the  video  gain,  up  to  maximum,  the  easier  ii  is  to  detect  the  target  (lowered 
detectability  threshold  1  within  a  device’s  dynamic  range. 

X.  Intcrac’ion  between  gain  and  CRT  bias:  a  more  positive  bias  can  help  compensate  for 
low  gain,  end  a  high  gain  can  help  compensate  for  low  bias. 

9.  Pulse  repetition  frequency  il’RF):  This  is  a  me  >surc  of  the  frequency  with  which  the 
electron  beam  excites  the  CRT  phosphor  The  probability  of  detection  increases  with  increases  in  PRP  . 
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CHAPTER  IV 


RANDOM  POSITION  AND  TELEVISION  TYPE 
DISPLAYS  (SINGLE  OBSERVER  VIEWING) 

INTRODUCTION 

This  chapter  discusses  random  position  and  raster  scan  displays  of  the  console  type  (single 
observer  viewing). 

The  following  topics  are  covered: 

1 .  Minimal  acceptable  symbol  resolution 

2.  Minimal  acceptable  symbol  size 

3.  Relation  between  symbol  size  and  resolution 

4.  How  to  determine  acceptable  symbol  size 

5.  How  to  determine  the  number  of  symbols  that  can  be  presented 

6.  Effect  of  signal  bandwidth  on  symbol  identification 

7.  Viewing  distance 

8.  Alphanuincrics 

a.  Recommended  character  height  as  a  function  of  viewing  distance 

b.  Types  of  symbols 

c.  Special  character  shapes 

d.  Aspect  ratio 

9.  Effect  of  TV  quality  on  legibility 

10.  Liglit/dark  contrast 

11.  Viewing  angles 

12.  Flicker 

Summary  of  Recommendations 

1.  Luminance  ratio:  2:1  (display:  surround) 

2.  Symbol  resolution  (minimum):  10  TV  lines 

3.  Symbol  size  (minimum ):  12-15  minutes  of  arc 

4.  Symbol  aspect  ratio:  5:7  or  2:3 

5  mho!  stroke  width:  1/6  to  I  / 1 0  character  height 
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6.  Geometric  distortion:  not  more  than  2-5%  of  picti  re  height 

7.  Acceptable  bandwidth:  4.5  MHz  at  least 

8.  Viewing  distance  (average):  18  inches 

9.  Screen  luminance  (acceptable):  50%  fall  off 

10.  Direction  of  light/datk  contrast:  not  important  fo  legibility 

1 1 .  Viewing  angle:  not  smaller  than  45° 

1 2.  Frame  rate:  not  less  than  30-35  Hz,  depending  upon  phosphor 

13.  Signal-to-noise  ratio:  35  dB 

SYMBOL  RESOLUTION 

Performance  studies  indicate  that  for  99.5%  accuracy  of  character  recognition  the  minimal 
acceptable  vertical  symbol  resolution  is  10  TV  lines  per  symbol  height  (fig.  IV - 1  and  IV-2)  (Kinney 
G.C..  1965). 
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Figure  IV-1 

Speed  of  Operator  Response  a« 
a  Function  of  Number  of  Scan  Lines 


Figure  IV-2 

Operator  Error  as  a  Function 
of  Number  of  Scan  Lines 


The  percentage  of  correct  responses  to  be  expected  as  a  function  of  scan  lines  is  shown  in 
figure  1V-3. 
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Figure  1V-3 

Accuracy  of  Character  Recognition  as  a  Function 
of  Scan  Lines  (Davis,  J.A.,  1967) 


SYMBOL  SIZE 

The  accepted  visual  size  for  viewing  televised  symbols  is  between  1  ?.  and  1  5  minutes  of  a*\. 
(Shunleff.  1967).  This  is  shown  by  figures  1V-4,  IV-5.  and  IV-6,  which  show  the  accuracy  of  identi¬ 
fication  as  a  Junction  of  visual  size  and  symbol  resolution. 
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Figure  3  V-4 

Accuracy  of  Identification  as  a  Function  of  Visual  Size 
and  Symbol  Resolution  (Shurtlcff,  1966) 
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Figure  (V-5 

\ rade-otf  Bands  lor  Angular  Subtense  vs  Line  Number 
for  Three  Levels  of  Performance  | Erickson,  Is. A..  1964) 
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1‘ii’uro  IV  -6 

Relationship  Between  Visual  Aniile  Aiul  Resolution 


Note  that  whore  resolution  is  inadequate  (8  lines),  all  visual  sizes  above  12  minutes  of  arc  give 
essentially  the  same  performance  for  acceptable  resolution. 


SYMBOL  RESOLUTION 


No.  of  Lines 

10 

8 

6 

Standard  Leroy 

13.15 

*  12.82 

35.97 

Revised  Leroy 

13.37 

15.09 

30.08 

Determining  the  Size  of  the  Display  Element 

The  size  of  the  display  resolution  element,  in  terms  of  its  maximum  dimension,  and  the  max¬ 
imum  viewing  distance  D  at  which  two  adjacent  elements  can  be  discriminated  is  given  uy  the  formula' 

Character  Height  -  H 
H  =  0.003D 

Where  the  display  format  is  comprised  largely  of  symbology,  the  relationship  of  symbol  size 
to  screen  height  is  shown  in  figure  1V-7.  Symbols  3  to  5  times  the  mi  liinuin  size  of  10  minutes  of 
arc  are  usually  acceptable,  but  will  degrade  ihe  maximum  display  data  capability. 

50  MIN  OF  ARC  10  MIN  OF  ARC  3.5  MIN  OF  ARC 


Figure  1V-7 

Relation  of  Symbol  Resolution  to  Viewing  Distance 
(Whit  ham.  1965) 


*Siz<'  of  symbol  in  minutes  of  ,cc  requited  for  accuracy  of  idcn'ification. 


It  is  also  possible  to  determine  maximum  element  sue  from  the  number  of  vertical  ele¬ 
ments  or  raster  lines  and  the  display  screen  height  (fig.  IV-8).  Example:  l  or  500  line  TV  screen 
with  a  height  of  15  inches,  the  maximum  element  si/.e  is  25  mils,  which  is  consistent  with  the  spot 
size  of  normal  TV  CRTs. 


Figure  IV -8 

Relation  of  Screen  Height  to  Element  Size  and  Number  of  Vertical  Elements 
or  Horizontal  Lines  ( YVhit ham.  I%5> 


HOW  TO  DETERMINE  THE  NUMBER  OF  SYMBOLS  THAT  CAN  BE  PRESENTED 

The  number  /V  of  diameters  of  limiting  resolution  which  can  bo  accommodated  for  a  square 
screen  having  a  side  dimension  S  is  given  by  the  equation: 

D  - 

N  »—  X  10s 

where  I)  =  the  viewing  distance  and  S  -  screen  size. 

If  character  height  visually  subtends  It)  minutes  of  arc  foi  limiting  conditions.  then  the  total 
symbol  area  will  subtend  7.5  by  15  minutes  of  are. 

If  squaic  adjacent  symbols,  which  visually  subtend  1 0  minutes  of  arc  for  each  side,  are  used, 
the  maximum  number  is  given  by  the  equation: 

.  if-1 

N  =■  —  X  i .  I  X  I  ()'' 
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Practical  limits  for  tile  value  of  D/S  normally  lie  in  the  range  between  i  and  5.  Plots  of  the 
equations  above  are  given  later  in  figure  IV- !  1 ,  which  demonstrates  that  the  maximum  symbol  pop¬ 
ulations  are  between  4  X  105  and  It)5  for  normal  values  of  D/S. 

GEOMETRIC  DISTORTION 

The  combined  effects  of  all  geometric  distortion  should  not  displace  any  point  on  the  projected 
display  from  its  correct  position  by  more  than  2-5%  of  picture  height. 

The  projector  should  be  capable  of  correcting  keystone  or  trapezoidal  distortion  within  a 
range  of  ±  1 5  degrees  off  center. 

EFFECT  OF  SIGNAL  BANDWIDTH  ON  SYMBOL  IDENTIFICATION 

As  long  as  the  visual  size  of  the  alphanumeric  is  10  minutes  of  arc  or  more,  there  appears  to  be 
no  appreciable  loss  in  identification  accuracy  as  a  function  of  reducing  video  bandwidth.,  within  the 
range  4.0  to  1.0  MHz.  There  is.  however,  a  sharp  drop  in  performance  between  100  MHz  and  750  kHz. 
The  effect  is  most  pronounced  for  alphanumerics  ofless  than  10  minutes  of  arc  (s-e  figure  1V-9  below). 


BANDWIDTH  (MHO 

Figure  IV -9 

Efteet  of  bandwidth  on  Identification  Accuracy  (Shut-fief.  i°fc.>) 


m 


The  »ype  of  symbol  is  important  here.  Fcj  noumeaningful  symbols  ft-.g.,  Landoldt  rings) 
the  reduction  in  bandwidth  from  8  MIIz  to  ?  or  I  MHz  is  much  more  pron  unccd,  See  tables  IV- 1 
and  IV-2  below,  which  describe  the  percentage  of  target  identification  accuracy  lost. 
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TABLE  IV- 1 

EFFECTS  OF  VIDEO  SIGNAL 
BANDWIDTH  ON  TARGET  IDENTI¬ 
FICATION  ABILITY  (SHANAHAN.  1964) 


ToBLH  IV? 

EFFECTS  OF  TARGET  CONI  HAST 
RA  TIO  ON  TARGE  '.'  IDENTIFICATION 
VELOCITY  (SHANAHAN.  1964) 


Video  Signal 
Bandwidth 


S  to  2  MHz 


8  to  1  MHz 


VIEWING  DISTANCE 


Target  Contrast  Ratio 


Target 

Contrast 

Ratio 


100  to  81  Vi- 


100  t«>  n% 


Video  Signal  Bandwidth 


Average  viewing  distance  from  the  console  is  assumed  to  be  18  inches,  in  which  case  the  mini¬ 
mum  element  size  would  be  0.15  inches.  Figure  IV- 10  can  be  used  to  determine  optimum  element 
size  as  a  function  ot  viewing  distance.  The  relationship  among  size  of  display  screen,  acceptable  viewing 
distance,  and  amount  of  detail  or  number  of  characters  which  can  be  displayed  is  shown  in  figure  IV- 1 1 . 
This  figure  shows  that  for  a  given  viewing  distance,  display  size  must  be  increased  if  the  amount  of 
detail  displayed  is  to  be  increased. 
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Figure  lv- 1 0 

Relationship  Between  Display  Detail  (N>.  Display  Size  (S). 
and  Viewing  Distanced))*  (Whitham.  1965) 


CONDITIONS: 

1  Square  display 
1.  Character  slot  as  shown 

Charae. cr  height.  II.  subtends  10  mm  oi  arc  at 
viewing  distance.  D  (II  -  0.005D) 


4.  Increased  viewing  distance  at  display  edges  is  neglected 

5.  Adequate  hngluness  and  contrast  exist 

(>.  Viewing  distance.  I),  isgreatet  than  15  inches 
7.  No  margin  allowed  at  display  edge 
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■  FOR  INSTRUMENTS  WHERE  THE  POSITION 
OF  THE  NUMERALS  MAY  VARY  AND  THE. 
ILLUMINATION  IS  BETWEEN  0.03  AND 
1.0  FT-L 

FOR  INSTRUMENTS  WHERE  THE  POSITION 
OF  THE  NUMERALS  IS  FIXED  AND  THE 
ILLUMINATION  IS  0.13-1.0  FT-L  AND  THE 
ILLUMINATION  EXCEEDS  1.0  FT-L 

FOR  INSTRUMENTS  WHERE  THE  POSITION 
OF  THE  NUMERALS  IS  FIXED  AND  THE 
ILLUMINATION  IS  ABOVE  1  0  FT-L 


(MINIMUM  SPACE  BETWEEN  CHARACTERS. 
1  STROKE  WIDTH;  BETWEEN  WORDS, 

G STROKES  WIDTHS) 


I - 1 1 L _ I _ I - 1 _ l _ I J _ L ...I ... 

20  40  GO  30  10O  1<10  180  220 

VIEWING  DISTANCE  (IN.! 


Figure  IV- 1 1 

Letter  Height  vs  Viewing  Distance  and  Illumination  Level 
(Ban nack,  et  al,  \ 966) 


SYMBOL  CHARACTERISTICS 

Recommended  Character  Heights  for  Alphanumeric^ 

TABLE  1V-3 

RECOMMENDED  MINIMUM  ALPHANUMERIC  CHARACTER  HEIGHTS 
AS  A  FRACTION  OF  VIEWING  DISTANCE  (SMITH.  S.L..  I%2) 


Type  of 
Displayed 
Information 

Critical  Data  Position 
on  Display  Variable 

Critical  Data, 

Position  Fixed 

Noncritica!  Data 
(Labels,  etc.) 


High  Display 
Luminance 
(Down  to  10  It-L) 

00045  to” 
0.007 _ 

0.0055  to 
(L00 7  _ 

0.002  to 
0.007 


Low  Display 
Luminance 
(Down  to  0.05  ft- 1.) 

o.ooTio  . . 

0.0 1  1 _ 

0.0055  to 

0.0  i  l_ 

o.oo  :To 
0.007 


The  rptinum  size  of  letters,  and  numerals  on  CRT  displays  is  a  function  of  viewing  distance, 
illumination,  and  movement  of  numerals.  Figure  IV- 1 1  shows  these  relationships,  although  the  data 
are.  based  on  conventionally  printed  displays,  not  CRTs.  Considering  18  inches  as  the  typical  viewing 
distance,  CRT  letters  should  be  from  about  0.08  inches  to  G.28  h  olies  (Barniack.et  al,  1966). 

Dot  Mosaics  -  The  coarsest  mosaic  that  is  capable  of  providing  easily  legible  alphanumeric 
symbols  is  a  5  by  7  dot  mosaic  (fig.  IV- 1 2).  Only  25  decoded  lines  are  required.  If  only  numerics 
and  a  limited  number  .■■{’symbols  are  required  (e.g.,  1 ,  etc.),  some  elements  are  not  required, 

and  the  number  of  do  mav  be  reduced  to  27,  as  shown  in  figure  IV- 1 3 .  Characters  generated  in 
5X7  dot  matrices  are  probably  marginal  in  comparison  to  those  genera' ed  in  large:  matrices. 
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Figure  IV- 12 

Fo.’l  5X7  Dot  Mosaic  (35  elements  - 
full  alphanumeric)  ( l.uxcn berg  and  Kuehn.  1968) 


Figure  IV- 13 

Reduced  5X7  Dot  Mosaic  (27  elements  — 
numeric  only)  (Luxenberg  and  Kuehn,  1968) 


Strt-ke Mosaics  -  The  bars,  strokes,  or  segments  are  arranged  in  a  pattern  similar  to  the: 
shown  In  fiitire  IV  1 4.  The  r  rgnieats  may  he  electroluminescent  strips,  i  lectrochemical  cells,  or 
cathodes  ir.  a  glow  discharge  tube,  or  they  may  be  back  lit  or  edge  lit  by  neon  or  incandescent  lamps 
The  characters  are  nearly  as  legihL  as  those  made  from  a  5  by  7  dot  mosaic,  but  logic  (switching) 
requirements  are  reduced  from  35  inputs  for  the  full  5  X  7  matrix  to  16.  14.  9,  or  7,  depending  on 
die  type  of  font  style  chosen  The  same  height/width/stroke  ratios  apply  as  for  shaped  characters. 

16  and  23  segment  fonts  have  been  found  to  he  more  legible  t»:  n  17,  27,  or  3K  segment  fonts 
(Stephenson  and  Schiffier,  1968). 


IV- 10 


Figure  IV- 14 

Stroke  Mosaic  { 16  elements) 


Recommended  Symbol  Size  (oilier  than  alphanumerics) 

Highly  skilled  operators  can  accurately  distinguish  typical  military  map  symbols  at  a  reso¬ 
lution  of  14  lines.  However,  for  tile  identification  of  symbol  detail,  a  resolution  of  17  lines  is  recom¬ 
mended;  this  will  allow  interior  detail  of  the  symbol  to  resolve  3-4  lines,  and  represent  a  visual  size 
of  5  to  6  minutes  of  arc  (Marsetta,  et  al,  1 466). 

Confusion  Among  Alphanumerics 

Observers  most  commonly  confuse  the  foliowing  alphanumerics  (Kinney  and  Showman.  1467): 

Mutual  One-Way 

O  and  Q  C  called  O 

T  and  Y  Deal  MB 

S  and  5  II  called  M  or  N 

I  and  L  J,  T  called  1 
X  and  K  !<  called  R 

I  and  1  *  2  called  Z* 

»  called  R,  S,  or  8* 

Accuracy  of  Identification  of  Common  5-l.etter  Words 

It  is  possible  to  use  as  few  as  7  lines  per  word  height  and  still  retain  l)K%  accuracy  of  word 
identification.  This  is  shown  by  table  !V-4. 

TABL.fi  1V-4 

IDfiN'I'll'ICA  TION  ACCURACY  AS 
A  I  UNCTION  Ofi  RfiSOLUTION 

Resolution 

Solid  10  7  5 

stroke  lines  lines  lines 

loo'  f  wi  oxc  o-/' ■; 

♦These  three  otter'.  comprise  50%  or  more  of  the  total  confusions. 
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ASPECT  RATIO 


Aspect  ratios  of  5:7  or  2:3  (width  to  height)  arc  recommended  for  greatest  legibility.  Stroke 
width  should  be  in  the  range  of  1/6  to  1/10  character  height  with  the  thinner  widths  used  for  ilium 
mated  characters  on  a  dark  background  (Poole,  1966).  A  wide  stroke  width  should  be  used  for  lower 
symbol  resolution  (Shurtleff,  1966). 


VARIATIONS  IN  TV  QUALITY 


At  resolutions  of  8,  10,  and  1  2  lines,  quality  of  TV  equipment  appears  to  have  no  significant  effect 
on  accuracy  and  speed  of  identification  of  standard  Leroy  symbols  (most  commonly  employed  alpha¬ 
numeric).  At  6  lines,  identification  is  superior  for  better  quality  TV  (945  lines).  Even  high-quality  TV 
requires  a  minimal  resolution  of  10  lines  (Shin tieff,  1966).  See  figure  IV- 1 5  below. 
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Figure  IV 

Accuracy  of  Symbol  identifi  . 
vs  Low-Cost  Tv  " 


‘or  Good-Quality 
1966) 


RATIO  OF  ACTIVE  TO  INACTIVE  EL 


Where  symbol  resolution  is  lowered  (5-7  lines),  the  ratio  of  widths  of  inactive  TV  to  active  TV 
elements  should  be  no  moie  than  1:1.  Kaios  greater  than  these  increase  errors  ol  identification  as 
wed  as  produce  a  raster  which  requires  especially  careful  registration  of  scan  lines  (Shurtleff,  1965). 


LIGHT/DARK  CONTRAST 


Light  symbols  on  a  dark  background  are  recognized  more  accurately  under  low  ambient  lighting. 
Dark  symbols  on  a  light  background  arc  recognized  more  readily  under  medium  and  high  ambient  illum¬ 
ination  table  IV-5  ).  For  intermediate  values  of  symbol  and  background  brightness,  the  direct*  -|  of 
contrast  is  not  significant  in  legibility  (Blackwell,  1959).  Under  high  ambient  ilium!  uition,  ide..iilication 
accuracy  is  so  poor  (66-7376)  Mud  the  l)/L  condition  would  not  be  used  anyway  (Shurtleff,  !'>67). 
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TABLE  IV-S 

ACCURACY  OF  IDENTIFICATION  IN  PERCENTAGE  CONTRAST 
FOR  TWO  DIRECTIONS  OF  CONTRAST  AND  THREE 
VALUES  OF  AMBIENT  ILLUMINATION 


Direction 

Ambient  lllumina 

tion 

of 

Contrast 

0.026  ft-C 

186.4  ft-C 

638.4  ft-C 

D/L 

Hu% 

81% 

73% 

L/D 

93% 

77% 

66% 

Contrast  Ratio 

Contrast  ratio  should  be  maintained  at  90%. 

DISPLAY  FORMA' 

Vertical  vs  Horizontal  Arrangement 

The  effect  of  vertical  vs  horizontal  arrangement  of  coded  symbols  is  negligible  (Coffey,  1961), 


Spacing 


A  i,  low  brightness  (1  ft-L)  spacing  of  characters  (25%  of  character  dimensions)  docs  not  affect 
acuity.  At  higher  brightness  (20  and  40  ft-L)  wider  spacing  (200%  of  character  dimensions)  produces 
better  acuity.  Wider  spacing  produces  better  acuity  for  L/D  symbols  than  for  D/L  symbols  (Shurtleff, 
196/). 

VIEWING  ANGLE* 

Errors  and  reaction  time  in  recognizing  briefly  exposed  common  5-ietter  words  increase 
gradually  as  the  viewing  angle  is  reduced  from  90°  (straiglit  on)  to  45°.  At  30°  the  error  rate  cannot 
be  accepted  (fig.  IV-16)  (Kim  ey,  1965). 

Recommendation:  Optimally,  no  viewer  should  be  seated  at  a  viewing  angle  smaller  tli.r  5''° 
oral  a  distance  from  which  the  height  of  the  smallest  symbol  is  smaller  than  16  minutes  of  arc.  '.Set 
also  figure  IV-2C)  (Colman,  et  a!,  i  958 ). 

For  99%  accurate  identification,  table  IV-6  presents  the  minimum  required  visual  sizes,  in 
minutes  of  arc.  for  five  viewing  angles  and  two  levels  of  symbol  resolution. 


TABLE  IV-6 

VISUAL  SIZES**  REQUIRED  FOR  VIEWING 
TV  DISPLAYS  AT  VARYING  ANGLES 


Symbol 

Viewing  Angl 

Ic 

i 

Resolution 
in  Lines 

90” 

75° 

60" 

45" 

°- 

10 

20 

24 

28 

36 

63 

t; 

24 

28 

32 

44 

- 

*  Angle  subtended  at  the  viewer’s  eye  from  the  center  line  of  the  display. 
**11)  minutes  of  are. 


-  r  ^'V-  vi  -:v  f".: 


•^1." 

Ta 


—  -#  16  MIN 
- 0  10  MIN 


CL 

<  0.60 
Ul 

5 


0  50  jj 


90  60  45  30 


DEGREES 


Figure  IV- 16 

Mean  Reaction  Time  ''lotted  Against 
Viewing  Angle  for  Two  Symbol  Sizes 


EXPOSURE  DURATION 


Minimum  exposure  •’•urn lion  for  maximum  visual  acuity  is  about  0.2  sec.,  with  no  appre  table 
increase  in  acuity  beyond  this  (Crumley  et  al,  1 961 ). 


FUCKER 


The  cmves  m  I'gtirc  IV- 1  7,  represent  the  critical  llickei  frequency  (that  value  which  is  lowest 
frequ.  icy  which  c,m  be  perceived  as  anything  but  a  steady  light)  lor  several  common  phosphors  as  a 
function  of  display  luminance  (brigln.V's), 
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Figure  IV -17 

Fbekcr  Threshold  of  Average  Observer  ( iirvden  el  al.  1969) 
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For  character  displays,  the  pulse  rate  should  be  greater  than  30-40  Hz  so  that  the  characters 
do  not  appear  to  biink.  Flicker  can  be  eliminated  from  most  electronic  displays  if  the  pulse  rate  is 
35  Hz  or  more  (Barmack  el  al,  1 966).  Some  flicker  is  noticed  with  average  display  brightness  unless 
repetition  rate  is  at  least  50  Hz.  Displays  under  20  Hz  are  usually  quite  annoying  to  the  observer 
('Poole,  1966). 

FlicKer  in  TV  cannot  be  noticed  at  60  fields  per  second  unless  display  brightness  exceeds  180 
tt-L.  50  fields  per  second  is  acceptable  if  display  brightness  drops  to  30  ft-L. 

THE  EFFECTS  OF  SURROUND  LUMINANCE  ON  VISUAL  COMFORT 

Figure  IV- 1 8  presents  mean  values  of  surround  brightness  preferred  by  viewers  of  broadcast 
television  for  three  surround  areas  at  each  of  five  values  of  peak  screen  luminance  (ShurtlelT,  1 966). 


MR  AN  SCREEN  LUMINANCE  (FT-L) 

&  10  16  20  25 


Figure  IV- 18 

Mean  Value  of  Surround  Luminance  Preferred  by  Viewers  of  Broadcast 
Television.  Plotted  for  three  surround  areas  at  each  of  five  values  of  peak 
screen  luminance  (Slnu  tleff,  1966). 

TV  display  =  9°  vertically,  I  2°  horizontally 
Small  sui round  area  =  12°  vertically, 

14°  horizontally 

Medium  surround  area  =  17°  verticaMy, 

23°  horizontally 

Large  surround  area  “  23°  vertically, 

32°  horizontally 
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THE  EFFECTS  OF  SIGNAL  TO-NOISE  RATIO 
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One  aspect  of  display  quality  affecting  display  acceptance  and  operator  performance  is  the 
signa!-to-noise  ratio  of  the  display.  Quality  of  presentation  has  been  judged  satisfactory  at  10:1, 
good  at  30: 1,  and  excellent  at  50: 1  (Togatov.  1966). 

In  table  IV-7  the  percentage  of  comments  in  a  specific  category  vs  signal-to-noisc  latio  is 
given  (Altman,  M..  ct  al,  I960). 

TABLE  IV-7 

PERCENTAGE  OF  COMMENTS  IN  A  GIVEN  CATEGORY 
VS  S 1G  N  A  L-TO-  NO  I S  E  RATIO 


r  ■ 

^BW^rms 

50  tlB 

45  dB 

40  dB 

35  v.!J 

30  dB 

impairment  only  slight 
(if  at  all) 

98% 

90% 

65% 

35% 

'0% 

i 

Not  objectionable 

99% 

to 

100% 

9u% 

85% 

60% 

30% 

Somewhat  objectionabK 

— 

4% 

10% 

im 

25% 

Definitely  objectionable 

L 

.... 

r% 

20 /< 

45%  j 
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CHAPTER  V 

TELEVISION  DISPLAYS  FOR  GROUP  VIEWING 


INTRODUCTION 

This  chapter  discu  ;ses  the  parameters  most  important  for  group  viewing  of  TV  displays. 
Parameters  not  discussed  here  wilt  be  found  in  Chapters  HI  and  IX. 

Summary  of  RocommenHetions 

1.  Symbol  size  -  At  least  10  minutes  of  are  at  the  eye  of  the  observer  in  the  worst  position 
in  the  viewing  area.  This  \\  ill  give  95%  accuracy.  For  98%  accuracy  a  visual  angle  of  14  minutes  is 
required. 

2.  Viewing  angle  —  Maximum  off-a\i.s  angle  of  30°. 

3.  Resolution  -  15  lines  per  character  height 

4.  Bandwidth  -  2.5  MHz 

5.  Viewing  distance  -  See  section  on  choosing  the  maximum  viewing  distance  from  the  screen 

6.  Determination  of  screen  size  and  number  of  characters  as  a  function  of  viewing  distance  - 
See  5.  above. 

/.  Request  response  time  —  1-3  seconds 

8.  Display  generation  response  time  -  1-2  seconds 

9.  Screen  luminance  Not  more  than  35  ft-L  for  normal  ambient  lighting 

10.  Brightness  contrast  -  90% 

1 1.  Registration  accuracy  —  10  seconds  of  arc  at  the  nearest  observer 

SYMBOL  SIZE 

In  a  group  viewing  situation,  letters  must  be  large  enough  to  produce  at  least  8  minutes  of 
visual  angle  (preferably  14  minutes)  at  the  eye  of  ihe  observer  in  the  worst  position  in  the  viewing 
aiea  (30°  off-axis).  This  should  produce  95%  accuracy  of  identification  of  random  characters 
(Neal.  1968). 

VIEWING  ANGLE 

Under  conditions  where  resolution  (lines  per  character)  and  symbol  size  produce  at  least  90% 
identification  accuracy  at  0  degrees  oil-axis  (90°  straight  on),  there  is  uo  decrement  in  legibility  until 
the  off-axis  angle  becomes  40”.  Under  less  favorable  size  and  resolution  conditions,  the  effect  of  the 
off-axis  angle  is  more  severe,  reducing  legibility  significantly  at  20"  (fig.  V-l )  (Neal,  1968).  The  max¬ 
imum  off-axis  angle  should  be  .iff. 


V-l 


f 

IS 


& 


Viju-il 

Lin<"s  por 

X. 

Angle 

Char 

ij 

V  14,3 

3C 

f 

0  8.1 

2" 

O  6.3 

30 

0  4.7 

15 

A  4.0 

VO 

. 

ORE-AXIS  ANGLE  OR  VIEWER 
FROM  MONITOR  (DEG! 

Figure  V-J 

Average  Legibility  as  a  function  of  Off-Axis  Angle 
for  Five  Representative  Test  Conditions 

The  adverse  effect  of  oblique  viewing  is  not  a  straight  conic  projection  f  >m  the  sci  cn.  but 
rather  is  geometrically  described  by  “the  surface  of  a  sphere  tangent  to  the  plane  of  the  display.” 

The  diameter  of  that  sphere  equals  the  recommended  viewing  distance  for  that  particular  display  size. 
Figure  V-2  presents  the  locus  of  marginal  legibility  fora  constant  visual  angle  ( Lnxenbcrg  and  Kudin, 
1968). 


SCREEN 


Figure  V-2 

Loci  of  Marginal  Legibility  for  Resolution  Bars  and  Led  t  ?. 
The  symbols  arc  displayed  at  eye  level  on  a  vertical  screen: 
above  in  upright  position,  below  turned  horizontal.  The  locations 
of  the  symbols  are  indicated  by  the  small  circles. 
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RESOLUTION 


For  group  viewing,  a  minimum  vertical  resolution  of  1 5  lines  per  character  height  is  recom¬ 
mended  when  small  visual  angles  are  involved.  At  15  lines  per  character,  the  ratio  of  the  character 
height  to  the  total  display  height  is  1/33,  and  16  rows  of  characters  can  be  put  on  the  screen  (as  long 
as  the  screen  is  small  enough  to  keep  the  visual  angle  within  8  min  of  arc)  (Neal,  1968).  (See  figure 
V-3  below;  see  also  figure  IV-7  and  RECOMMENDED  SYMBOL  SIZE  in  chapter  IV.) 


MAXIMUM  DISPt.AYABLE  ROWS  OF  CHARACTERS 
24  16  12  914  8 

i - r - 1 - 1 - 1 - 1 

RATIO  OF  CHARACTER  HEIGHT  TO  DISPLAY  HEIGHT 
1/50  1/33  1/25  1/20  1/17 


27"  MONITOR 


24”  MONITOR 


21”  MONITOR 


17”  MONITOR 


13  15  20  25  30 

SC'.N  LINES  PER  CHARACTER  HEIGHT 


Figure  V-3 

Maximum  Viewing  Distance  for  Worst  Seat  in  Classroom 
(maintaining  a  minimal  8  minutes  visual  angle  at  the  eye) 
(Neal,  1968) 


BANDWIDTH 


For  group  viewing  of  a  large  television  screen  (17  inches  or  more) ;  bandwidth  of  approxi¬ 
mately  2.5  MHz  is  recommended.  There  is  no  improvement  above  this  pond  but  decrement  below  it. 


CHOOSING  THE  MAXIMUM  VIEWING  D  STANCE  FROM  THF  SCREEN 


Figure  V-3  above  shows  the  maximum  viewing  distance  from  various  size  monitors  calculated 
to  maintain  the  recommended  minimum  visual  angle  (8  minutes).  For  a  symbol  resolution  of  1?  lines, 
the  recommended  maximum  distances  for  various  monitor  sizes  are: 

27-ineh  monitor  —  i8  feet 
24-:nch  monitor  —  1 5  ieet 
2  i  -inch  monitor  -  13  l'e«  t 
17-inch  monitor  1 1  feet 

Another  way  to  increase  the  maximum  viewing  distance  is  to  choose  larger  characters,  al¬ 
though  this  will  reduce  the  total  number  of  characters  that  can  be  placed  on  the  display.  For  ex¬ 
ample,  figure  V-3  shows  that  as  the  character  height  increjses  from  1/33  of  screen  height  (15  scan 
lines)  to  1/17  (30  lines)  the  maximum  viewing  distance  .ncreases  from  18  feet  to  35  feet  from  a  27- 
inch  monitor  or  from  1 1  to  22  feet  from  a  17-inch  monitor.  However,  the  maximum  number  of  rows 
of  characters  that  can  he  placed  on  the  screen  decreases  from  1 6  rows  with  the  smaller  characters  to 
8  rows  with  the  larger  (Neal,  1908). 

RESPONSE  TIME 

Response  time  is  the  major,  if  not  the  only,  justification  for  automating  display  systems.  The 
faster  a  requested  display  becomes  available  upon  request,  tbe  greater  the  impact  the  display  has  on 
system  operations.  Request  response  time  should  be  on  tire  order  oi  1  to  J  seconds  (RADC,  1965). 

Display  generation  response  time  is  defined  as  the  time  from  intitiation  of  compute  r  output 
until  the  complete  display  is  available  to  the  user.  /  to  .?  seconds  is  desirable. 

LUMINANCE 

Luminance  ratios  required  for  comfortable  viewing  of  large  screen  displays  may  be  determined 
by  locating  two  values:  (1 )  the  minimum  ratio  required  for  adequate  viewing  am  (2)  the  maximum 
measure  of  luminance  without  annoying  aftereffects.  The  maximum  luminance  1  _>r  group  displays 
should  not  he  more  than  35  ft-L.  Higher  luminance  may  produce  afterimages  if  the  display  is  viewed 
for  an  extended  period  of  time.  An  increase  in  luminance  over  >5  ft-L  up  to  the  35  ft-L  maximum 
contributes  little  to  acuity. 

4m  optimum  luminance  distribution  on  the  surface  of  the  display  is  approximately  i  7  ft-L 
measured  ft-  m  central  axis,  and  not  less  than  13  ft-L  measured  at  the  targets  angle  of  view  olT-eenter. 
Assuming  an  ambient  light  level  s  f  1  ft-f  on  the  display,  this  permits  viewing  in  about  10: !  contrast 
for  symbols  with  regard  to  background. 

Luminance  contrast  should  be  maintained  at  90'/;. 

AMBIENT  ILLUMINATION 

To  minimize  glare,  light  sources  should  not  be  located  withm  <>()"  of  Use  viewer’s  central 
visual  field.  Light  should  be  diffused  aiul  distributed  evenly  over  the  work  area.  The  ratio  between 
light  and  dark  portions  of  work  surfaces  .  'muld  not  exceed  7:1. 
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REGISTRATION  ACCURACY 

The  maximum  symbol  registration  accuracy  considered  necessary  is  10  seconds  of  arc  with 
respect  to  the  nearest  observer.  Registration  requirements  more  accurate  than  this  arc  unnecessary, 
since  an  observer  cannot  appreciate  the  difference 


CHAPTER  VI 


CODING 


INTRODUCTION 

This  chapter  discusses  the  following  topics: 

1.  When  coding  is  required 

2.  Advantages  and  disadvantages  of  available  codes 

3.  Types  of  codes  best  for  particular  applications 

a.  Color 

b.  Alphanumeric 

c.  Shape 

d.  Size 

e.  Flash 

f.  Special  codes 

4.  Amount  of  improvement  produced  by  coding 

5.  Coding  in  indicator  displays 


Definition 

Coding  is  putting  ini  nutation  in  symbolic  form  to  Increase  die  amount  of  information  supplied 
while  minimizing  display  space.  In  figure  VI- 1  the  shape  of  the  symbols  indicates  the  type  of  airport 
facilities  available. 


aerodromes  with  facilities 

LAND  WATER 


AERODROMES  WITH  EMERGENCY 
HEL-PO  .T  OR  NO  FACILITIES 

LAND  WATER 


(Sr-..  FC  ED) 


JOINT  CIVIL  .  NO  MILITARY 


MILITARY 


e  LANDING 
CP  AREA 

ANCHORAGE 


AERODROMES  YITH  HARD-SURFACED 
RUNWAYS  AT  LEAST  1500  FEET  LONG 


AERODROMES  WITH  LAND1 
SURFACED  RUNWAYS  AT 
LEAST  ISO0  TCET  LONG 


CIVIL  MILITARY 


Figure  VI-1 

Sample  Coding  (military  map  symbols) 


w 


» 


& 

_-S 


e 


ft 


5» 

g 

$ 


if 


Fi 


•= 


I 

C 


Coding  Requirements 

Coding  requirements  differ  for: 

1.  Projected  displays:  CRT  and  slide  projected  displays 
>.  Indicato:  displays:  indicators,  legend  lights,  and  meters 
and  as  a  function  of  mission  requirements. 

Coding  should  he  used: 

1.  When  much  information  must,  be  presented  in  a  single  display  (100  or  more  characters) 


2.  When  the  observer’s  task  may  be  difficult  (10%  complexity  —  percent  of  characters 
which  must  be  discriminated) 


3.  When  he  must  respond  quickly: 

a.  In  icss  than  10  seconds  —  coding  is  required 

b.  Within  10*20  seconds  -  coding  is  desirable 

c.  Over  20  seconds  —  coding  is  not  necessary 

Coding  Criteria 

Codes  should  ire: 

1.  Visible 

2.  Legible 

3.  Discrimin able  (observers  must  be  capable  o;  distinguishing  between  two  or  more 


characters) 


4.  Compatible  (see  figure  Vl-2) 


QUALITATIVE  COOKS  SHOULD  REPRESENT 
QUALITATIVE  INFORMATION 


A- 


AIRFIELD 


QUANTITATIVE  CODES  SHOO  '  RC;'RF SENT 
QUANTITATIVE  INFORM  V  .itu 


TWA  59  -  AIRLINE  AND  F  ,JH  MBER 


Compatible  Coding  *  t  siremeuts 


tfWQii-TWTWT**  MttSl  -  < 


<ri ! 
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Coding  Categories 
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DESIGN  ANALYSIS 
When  Should  Coding  be  Used? 

How  Many  Data  Points  Must  the  Display  Have  Before  Coding  is  Necessary?  Factors  to  bo  considered  are 

1 .  Density  -  Number  of  characters/data  points  in  display  (100  or  more). 

2.  Complexity  -  Percent  of  characters  irrelevant  to  observer’s  task.  (The  designer  may  not  be 
able  to  define  complexity  in  detail  in  advance  of  design.  Where  it  is  suspected,  however,  that  as  Many 
as  10%  of  display  characters  may  have  to  be  disregarded  by  the  observer,  coding  should  be  employed.) 

3.  Speed  of  updating  -  The  faster  displayed  information  must  be  updated,  the  more  coding 
of  that  infomiation  is  required.  However,  quantitative  information  on  speed  requirements  is  not 
available. 

As  density  and  complexity  increase,  observer  accuracy  is  reduced  and  coding  becomes  impor¬ 
tant.  Figure  VT4  illustrates  accuracy  in  updating  information.  Figure  VI-5  illustrates  percent  of 
observational  cycles  (trials)  in  error  when  counting  characters.  Note  that  these  graphs  and  others  in 
this  chapter  represent  data  gathered  under  relatively  ideal  laboratory  conditions. 
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Figure  VI-4 

Accuracy  of  Updating  Displayed  Information 
as  a  Function  of  Density  (Hammer  and  Ringel,  1966) 
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0  20  40  60  80  100 

NUMBER  OF  DISPLAYED  ITEMS 

Figure  VI-S 

Counting  Errors  as  a  Function  of  Display  Density 
With  and  Without  Color  Coding  (Smith,  S.  L.,  1963) 


Figure  Vl-6  shows  how  correct  identification  of  alphanumeries  decreased  as  complexity 
increases  (percent  of  task  irrelevant  characters)  (Dyer  and  Christman,  1965). 

How  Short  Must  Display  Exposure  Time  be  Before  Coding  is  Necessary?  As  display  exposure  time  is 
reduced,  observer  accuracy  decreases  correspondingly.  Figutc  VI-7  demonstrates  that  the  curve  of  correct 
observer  performance  is  almost  a  perfect  linear  relationship  with  exposure  time. 


2  60f 


COMPLEXITY  (%> 


Figure  Vl-6 

The  Effect  of  Complexity  on  Accuracy 
(Dyer  and  Christman.  1965) 


MEAN  % 
ACCURACY  OF 
IDENTIFICATION 


figure  VI-7 

The  Effect  of  Display  Exposure  Time  on 
Accuracy  of  Identification  (Smith.  S.  L,  1963) 


What  Type  of  Coding  is  Best  for  Particular  Applications? 

The  designer  must  consider: 

1 .  Code  type  (c.g.,  color,  shape,  alphanumeric) 

2.  Code  characteristic  (c.g  ,  if  color,  which  color;  if  geometric  figure,  which  figure?) 

3.  Observer’s  task  (locating,  counting,  identifying,  updating) 

Available  information  is  incomplete.  Comparisons  have  been  made  between  color  and  three 
shape  codes  (military  symbols,  geometric  forms,  and  aircraft  shapes)  for  collating.  The  codes  used 
in  this  study  (Wolf  and  Zigler,  1959)  are  shown  in  figure  VI-8. 

Average  counting  rime  for  these  codes  is  shown  in  figure  VI-9,  and  percent  of  trials  in  error 
is  shown  in  figure  VI-10,  Color  is  superior  at  all  density  levels  to  even  the  best  of  the  shape  codes. 
This  applies,  of  course,  only  to  counting  or  searching  for  chirm  ,V/\v. 

Recommended  Practice  - 


1.  Use  alphanumerics  when  identification  is  most  important. 

2.  Use  color  when  searching  or  locating  is  most  important. 

3.  Use  symbols/shapes  when  qualitative  objects  are  represented. 
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(MUNSELL 

NOTATION; 

MILITARY 

SYMBOLS 

GEOMETRIC 

FORMS 

AIRCRAFT 

SHAPES 

I". 

RADAR 

TRIANGLE^ 

C-54 

GREEN 

(2.5G  5/8 ) 

i 

▲ 

+ 

- 

BLUE 
(SBC  4/5) 

GUN 

* 

DIAMOND 

♦ 

C-47 

T  - 

WHITE 
(5Y  8/4) 

AIRCRAFT 

yT 

SEMICIRCLE 

F-100 

* 

RED 
(5R  4/9) 

MISSILE 

t 

CIRCLE 

* 

F-102 

* 

v£LLOtt 
(10YR  6/10) 

SHIP 

STAR 

★ 

B-52 

_ ... _ 

Figure  VI-8 

Codes  Used  in  Code  Comparison  .Study 


NUMOER  OF  OISPt.AYED  ITEMS 


Figure  VI-9 

Counting  Errors  as  a  Function  of  Display  Density, 
Comparing  Color  Coding  With  the  Throe  Shape  Codes 
(Wolf  and  Zigler,  1959) 
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AIRCRAFT 

SHAPES 


NUMBER  OF  DISPLAYED  ITEMS 
Figure  V»-10 

Average  Counting  Time  as  a  Function  of  Display 
Density,  Comparing  Color  Coding  with  tlie 
Three  Shape  Codes  *  Wolf  and  Ziglcr,  !  9S9) 


Individual  vs  Group  Displays 

There  is  some  evidence  that  individual  displays  aio  slightly  superior  to  group  displays  when 
updating  meoded  displays.  However,  this  difference  becomes  insignificant  when  displays  are  coded 
(fig.  VH1). 


- INDIVIDUAL  DISPLAYS 

- GROUP  DISPLAYS 


Figure  VI-1  ! 

Mean  Time  for  Coded  and  Uncoded  Charts  at  each 
Level  of  Flemems  Presented  (Allusi  and  Martm,  lVf>8) 


Should  Single,  Redundant  or  Compound  Coding  be  Used? 

There  is  some  evidence  (Allusi  and  Martin,  1958)  that  redundant  coding  is  slightly  more 
effective  than  single  coding. 

How  Many  Coding  Levels  Should  be  Employed? 

Coding  level  -  Values  within  each  code  type  (e.g.,  color)  which  are  equally  identifiable  (e.g., 
red,  yellow,  green). 

General  rule  —  Use  as  few  coding  levels  as  necessary.  Code  steps  in  table  Vl-I  arc  maximum 
values  under  laboratory  conditions.  For  operational  use,  it  is  iesirable  to  halve  these  values.  The 
effect  of  increasing  code  levels  on  operator  performance  is  to  reduce  observer  accuracy  (fig.  VI- 12). 


TABLE  Vi-1 

ADVANTAGES  AND  DISADVANTAGES  CP  AVAILABLE  CODES 
(Baker  and  Grether,  19'  -'■) 


Code 

Maximum  No. 
Code  Steps* 

Evaluation 

AdvaiUagcs/Disadvantagcs 

Color 

Slides  -  5-7 
CRT  3-5 
Paint  -  7-1 ! 

Good 

Little  space  required.  Objects  easily 
identified,  low  training  requirement. 

Alphu- 

numerics 

Unlimited 

combinations 

Good 

Liiile  space  required  if  good  contrast 
and  resolution.  Longer  identification 
time  Ilian  color. 

Shape 

(geometric 

figure.) 

1 0-100 
pictorial 

Good 

Liiile  space  required  if  good  resolution. 

Area/Si/.c 

3 

Fair 

Requires  considerable  displav  space. 

Leigth/width 
of  line 

4-5 

Fair 

Clutters  display. 

Visas'  no. 

6 

Fair 

Requires  considerable  display  space. 

Angular 

orientation 

8 

Fair 

95%  of  estimates  will  be  in  error  by 
less  than  15°. 

Luminance 

3-4 

Poor 

Poor  contrast  reduces  visibility.  Diffi¬ 
cult  to  distinguish  between  any  two 
brightness  ratios. 

Flash  rate 

3 

Poor 

Distracting  and  fatiguing.  Difficult 
to  distinguish  between  more  than  two 
Hash  rates  unless  the  rates  are  very 
different.  Extremely  useful  as  an 
alerting  or  warning  signal. 

NUMBER  OF  CODE  LEVELS 

Figure  VI- 12 

Effect  of  Number  of  Code  Levels  on 
Observer  Performance  (Anderson  and  Fitts,  1958) 


HOW  MUCH  IMPROVEMENT  IN  OBSERVER  PERFORMANCE  CAN  ONE  EXPECT  WITH 
CODING? 

Tabic  VI-2  indicates  that  coding  produces  marked  improvement  in  observer  performance. 


TABLE  VI-2 

IMPROVEMENT  IN  OBSERVER  PERFORMANCE 
WHEN  DISPLAYS  ARE  CODED 


Original 

Observer 

”/(■  Accuracy 

%  Response  Time 

Displays 

Code  Type 

1  ''unction 

Improvement 

Improvement 

Alpha  numerics 

Color 

Locating 

44 

Alphanumeric: 

Color 

Counting 

S(» 

72 

Alphanumeric: 

Size 

Update 

50 

65 

Map 

Conspic- 

Information 

97 

uitv 

assimilation 

& 

(bonier) 

,u ul  extraction 

57 

Alphanumeric 

Color 

Seat  eli 

!  5 

5-25 

and  Shape 

and  court 

55 

Alphanumeric 

Si/e 

Update 

49 
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ADDITIONAL  FACTORS  TO  BE  CONSIDERED 

Which  codes  to  use  and  how  depends  in  part  on  display  parameters  discussed  in  earlier  sections. 
Any  parameter  which  reduces  display  visibility  increases  display  difficulty  level  and  the  need  for  coding, 
flic  following  factors  are  especially  important. 

Display  Brightness/ Resolution/ Contrast  —  If  display  brightness  or  resolution  are  expected  to  be 
significantly  less  than  levels  recommended  earlier,  alphanumeric  coding  is  preferable  to  color  or  shape 
(geometric  figure)  coding.  lf  alphanumeiic  coding  can't  be  used,  then  shape  coding  is  preferable.  (See 
also  figure  V1-?  and  table  VI-1.) 

For  the  display  of  color  coded  points  or  small  symbols,  an  empirical  spacing  ot  at  least  three 
lines  is  rcquir  J  to  prevent  color  fusing  (Wolf  Research  and  Developmen  ,  1968). 

The  optimum  range  for  display  contrast  when  a  seven-color  d<  .play  is  being  us  ;d  is  20-30: 1 . 

Rut,  acceptable  levels  of  performance  have  been  recorded  at  as  low  as  10: 1  for  an  add  hive  co'or  dis¬ 
play  (Rizy,  1967). 

Display  Fomenting  -  In  formatted  displays,  characters  are  dish iln.  ted  by  rows,  columns,  or 
quadrants;  In  unformatted  displays,  characters  are  disfubuted  randomly.  Coding  is  more  likely  to  be 
required  in  unformatted  displays. 

The  following  s-etions  present  detailed  informa'ion  on  each  of  the  major  code  types. 

COLOR  CODING 

Mien  Color  Coding  Fbouid  Be  Used 

Use  particularly  when  the  observer  must  search  for  or  pick  out  one  or  mo.  characters  from  a 
matrix  of  displayed  characters.  On  the  other  hand,  for  idea rfication  of  characters  (i.c.,  recognising 
their  meaning)  an  alphanumeric  code  is  more  useful  (Avakian,  1964). 

Which  Coiors  Should  Bs  Used 

The  number  of  chromatic  colors  which  can  bo  absolutely  identified  is  9  1 1  (paint  chips).  How¬ 
ever.  one  would  not  use  more  than  3-5  colors  for  CR  Ts  and  5-7  f  >r  projected  slide  displays.  The  nine 
cln  imatic  and  achromatic  colors  in  common  use  are  presented  in  table  VI-3. 

Color  i  Jsefu!ness 

For  a  three-category  color  code  for  CRTs,  use  red,  yellow-orange,  and  green  or  green-blue 
(Rizy,  1967). 

For  projected  displays  the  colors  of  greatest  effectiveness,  with  regard  to  observer  performance, 
arc  shown  in  figure  VI- 13. 


3 


Several  "less-than-seven”  color  systems  might  be  employed  in  specialized  circumstances  win. .  ein 
the  full  seven  color  complement  is  not  required. 

For  example,  a  six-color  ".ibtractive  display  (without  yellow)  might  be  used.  The  same  recom¬ 
mendations  for  apparent  si/.e  and  contrast  would  hold. 
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TABLK  VI -3  A 

RECOMMENDED  CHROMATIC  COLORS 


Color  Name 


Purple 


Blue 


Green 


Yellow 


Orange 


Red 


Munseil 

Book  Notation 


1.0  RP  4/19 


2.5  PB  4/iO 


5.0  G  5/8 


2.5  YR  6/14 


5.0  R  4/14 


Chromalicity 

Coordinates 


x  -  0.2884 
y  -0.2213 


Dominant 
Wavelength  (nin) 


l  edeial  Spec 
595  equivalents 
(paint  chips) 


x  -  0.0414 
y  -  0.5 1 5 ! 


I  ABLE  V 1-3  B 

RECOMMENDED  ACHROMATIC  COLORS 


ISCC-NUS 

Symbol 


A  five-color  achlitiv e  system  misih ‘  be  employed,  omitting  blue  and  red,  where  optimum  con¬ 
trast  cannot  he  maintained. 

A  four-color  additive  sys-cu,  using  while,  yellow,  red.  and  magenta  (where  small  symbol  sizes, 
below  26  minutes  of  arc,  must  be  used),  ould  also  be  employed  (Ri/.v,  1967). 

Disadvantages  of  Color  Coding 

Briqhtness/Resolution/Contrast.  Reading  performanee  for  color  ceded  displays  deteriorates  when  contrast 
levels  drop  below  10:1.  particularly  for  colors  at  the  blue  end  of  the  spectrum  (Baker  and  Grcthcr,  1954). 
Above  this  level,  the  use  of  color  coiling  tends  to  reduce  the  overall  contrast  level  required  for  the  display. 


Figure  Vi-13 

Relative  Readability  of  the  Seven  Color  (.’ode  in 
Additive  and  Subtractive  Displays  (Rizy,  1%7) 


Reading  performance  for  color  coded  displays  is  affected  by  the  angular  size  and  color  of  the 
symbology  as  shown  in  figure  VI-14  (Ri/.y,  196"'). 

Capabilities.  CRTs  arc  presently  not  capable  of  producing  more  than  four  colors,  where  1 00 '3  reliability 
of  judging  color  is  required.  In  addition,  character  size  should  be  as  large  as  possible  (up  to  2P  minutes 
of  visual  angle)  since  color  perception  tends  to  degrade  as  fisual  angle  decreases.  Blue  is  seen  as  purple 
and  purple  as  yellow,  eic. 

Color  Weakness.  Where  color  weakness  is  considered  to  be  important,  use  only  “aviation  red,”  "aviation 
green,"  and  “aviation  blue,”  as  they  are  highly  discriminahle  for  surface  colors  on  while  background  at 
moderate  distances  (Army-Navy  Aeronautical  Specification  AN-C’-SM  (Bendix  C’orp..  1903). 

Misregistration  IRitty,  1967).  In  displaying  color  additive  displays,  misregistration  should  not  exceed  to' 
of  stroke  width  (see  fig.  VI-15).  This,  however,  is  under  relatively  ideal  laboratory  conditions.  For 
operational  use,  a  more  suitable  value  would  be  50%.  The  greatest  impact  of  misregistration  occurs  with 
blue  and  green  (fig.  Vl-16). 


STROKE  WIDTH  MISREGISTRATION  (%) 

Figure  VI- 16 

Viewer  Performance  as  a  Function  of  Misregistration 
ami  Symbol  (Dior  (Snadowsky.  et  ai.  i%4) 


Anticipated  Performance  With  Color  Coding 

The  performance  to  he  expected  from  color  coding  as  a  function  of  density  and  display  expo¬ 
sure  time  is  shown  in  figure  VI-17  t Dyer  and  C  hristman,  |*)o5).  l  or  the  relationship  between  com¬ 
plexity  and  color  coding,  see  figure  Vl-n. 

Recommended  Practice 

Front  the  results  shown  in  ligt.re  vl-l  7,  coloi  is  recommended  lot  c<  ding  alphanumeric  dis- 
plnys  under  any  of  the  following  singl"  or  combined  conditions: 

1.  Density:  100  n  mom  diameters 

2.  Display  exposure  time:  It)  seconds  or  less 

3.  Complexity:  10',' or  more 

Although  the  data  pertain  mly  to  alphanumeric  displays,  in  the  absence  of  anything  else,  it  is 
recoil, mended  that  the  same  standards  he  applied  Ibrothei  display  types. 


X  unhoped 
o  color  coded 


30  SEC  VIEWING  TIME 


-I—  20  SEC  VIE 


VIEWING  TIME 


"X - 


- - 10  sec  VIEWING  TIME 


20  SEC  VIEWING  TIME 
10  SEC  VIEWING  TIME 


NUMBER  OE  ALPHANUMERIC  CHARACTERS 


Figure  Vl-17 

l'l\?  Effect  o4'  density  and  Display  Exposure 
Time  on  Accuracy  (Dyer  and  Christman,  1965) 


OTHER  RELATIONSHIPS 

1 .  Color  would  seem  to  place  constraints  on  acceptable  symbol  size.  A  lower  limit  of 
16  minutes  of  arc  was  found  to  bo  inadequate  for  a  reading  task.  26-27  minutes  of  arc  is  recom¬ 
mended  for  color  coded  alphanumeric  characters  (Rizy,  1965). 

2.  Low  ambient  (0.00 1  ft-Oorchtomalic  illumination  causes  general  observer  performance 
decrement  with  surface  colors.  For  example,  green  appears  black  under  red  ambient  light. 

3.  For  map  type  group  displays,  if  the  background  is  mottled  or  patterned,  use: 

a.  A  color  which  contrasts  most  with  all  colors  in  background 

b.  A  brightness  which  differs  maximally  from  the  background 

e.  A  fluorescent  color 

d.  As  large  an  area  of  solid  color  as  possible  (stripes  and  checkerboards  tend  to 
blend  at  distances  and  lose  configuration) 

e.  If  the  background  color  cannot  be  predicted,  a  target  divided  into  two  areas  of 
solid  contrasting  color  has  increased  chance  of  being  visible.  Suggested  color  pairs  for  two-toned 
targets  are: 


white-red 

bright  yellow-blue 

bright  yellow-black 

bright  ttreen-icd  ( I .  eibowit/,  1*1671 
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ALPHANUMERIC  CODING 


Wiv»n  Alphanumeric  Coding  -Should  be  Used 

Alphanumeric  coding  is  particularly  useful  when  the  observer’s  task  is  largely  identification 
of  a  character  set.  Outside  of  the  particular  advantage  color  codes  have  for  locating  the  desired  char¬ 
acter  set  (shorter  search  time),  alphanuinmcs  are  about  as  effective  as  color  codes  (see  tabic  V!-4).  In 
addition,  they  are  much  less  expensive  and  technically  difficult  to  display  than  color  codes. 


TABLE  VI-4 

THE  EFFECT  OF  CODING  METHODS  ON  OPERATOR  TASKS 


Tasks 

1 

Rank  Order  of  Code  Categories 

2  3  4 

5 

Identify 

Numeral 

Letter 

Shaoc 

Color 

Configuration 

13.64* 

13.02 

12.53 

12.34 

1 1.77 

Locate 

Color 

Numeral 

Letter 

Shape 

Configuration 

8.46 

7.42 

7.25 

6.94 

4.03 

i  (amt 

Numeral 

Shape 

Letter 

Configiuation 

12.60 

k£1  ■ 

1  1.49 

11.11 

7.07 

Compare 

Numeral 

Color 

Shape 

Letter 

Configuration 

6,85 

6.72 

6.56 

4.33 

n. 

Verify 

Numeral 

Color 

Shape 

Letter 

Configuration 

10.01 

9.95 

9.50 

9.05 

6.60 

Alphanumeric  Code  Levels 

Unlike  other  forms  of  display  coding  (where  levels  within  the  code  category  are  highly 
restricted),  there  is  no  practical  upper  limit  to  the  number  of  alphanumeric  combinations  which 
can  be  used  by  the  designers.  Search  time,  however,  increases  with  an  increased  number  of  alpha- 
numerics  (see  Smith,  S.  L.,  1963  and  figures  VI-5  and  VI-6). 

Recommended  Practice 

Best  use  of  letters  and  numbers  is  in  short  code  words  for  items  which  represent  one  of  a 
kind  (c.g..  three-letter  code  mum's  for  cities). 

For  other  alphanumeric  recommendations,  see  Chapter  IV. 

SHAPE  (GEOMETRIC  FIGURES)  CODING 
When  Shape  Codes  Should  be  Used 

Shape  coding  should  oe  used  when  color  is  not  feasible  or  too  expensive,  and  particularly  to 
represent  qualitative  objects. 


Mil  si-oi'.-s  reported  in  terms  of  mean  correct  response  per  minute. 
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Recommended  Practices 


Select  shapes  or  symbols  which  are  associated  with  the  real  objects  they  represent  (e.g., 
airplanes  for  aircraft,  ships  for  ships).  Only  those  symbols  should  be  used  whicn  are:  simple,  sym¬ 
metrical,  have  a  continuous  contour,  relatively  large  enclosed  area,  arc  familiar  to  observers,  and  have 
a  sharp  angle  or  simple  curves.  The  symbols  shown  in  figure  VI-18  (Silver  and  Cruikshank,  1965)  have 
been  found  to  be  identified  100%  of  the  time  if  their  maximum  dimension  subtends  a  visual  angle  of  10 
minutes  of  arc  and  if  contrast  and  definition,  are  near  optimal.  These  symbols  are  for  slide  projected 
displays  on'y.  For  CRT  symbols,  see  Chapter  111,  TARGET  SYMBOLS  section. 


OCC’Oa/jOc 

12  3  4  5  6  7  8 


Figure  VI-18 

Common  Geometric  Symbols 


Ten  different  symbols  are  a  good  upper  limit;  however,  the  fewer  shapes  used,  the  more  easily 
they  are  recognized.  Under  adverse  display  conditions,  no  mors  than  six  should  be  used. 

five  circle,  rectangle,  cross,  and  triangle  arc  the  most  distinctive  common  geometric  forms. 
Squares,  polygons,  and  ellipses  should  be  avoided.  Variations  of  a  single  geometric  form,  such  as  sets 
of  round,  pointed,  and  triangular  characters,  should  be  avoided. 

Stroke  width, 'height  ratios  of  1 :6  to  1:10  and  symbols  0.4  inch  or  larger  are  best  for  viewing 
un  to  seven  feet  (sec  tabic  VI-5). 


TABLE  Vl-5 

MINIMUM  SATISFACTORY  SIZES  FOR  VISUAL  SYMBOLS 
USED  ON  CR I  DISPLAYS  (UEL,  1965) 


Symbol 

Description 

Dimension  (in.) 

Spots  and  Circles 

Diameter 

0.02 

Squares  and 
Rectangles 

Length  of  short 
.1 -1C 

0.92. 

Lines 

Width 

0.005  (for  bright  line 
on  dark  background) 

0.0 1  (for  dark  line  on 
bright  background) 

OTHER  CODES 


Other  codes  are  not  recommended  unless  color,  alphanumeric,  and  shape  codes  are  not  feasible. 
The  available  information  concerning  these  codes  is  as  follows: 

Size  Coding 

Size  coding  is  infrequently  used.  A  safe  upper  limit  on  number  of  sizes  is  3.  Beyond  that 
number,  errors  become  unacceptable.  Steps  coded  in  logarithmic  progression  are  more  easily  discrimi¬ 
nated  than  steps  coded  in  linear  progression  (fig.  VI-19)  (Baker  and  Gretber,  1954). 


a 


LOGARITHMIC  AREA  PROGRESSION 


a 


LINEAR  AREA  PROGRESSION 


3  0  0 


Figure  VI- 1 9 

Steps  Coded  in  Logarithmic  Progression  Are  More 
Easily  Discriminablc  Than  Steps  Coded 
in  Linear  Progression 


Size  can  also  be  used  in  combination  with  alphanumerics.  That  is,  in  niatrix-b'pc  alphanumeric 
displays,  a  larger  type  face  can  he  used  to  emphasize  particular  characters  or  items  of  information 
(Hammer  and  Ringel.  1964;  see  figure  VI-20). 

When  size  is  used  in  this  way,  the  mean  time  to  locate  coded,  updated  information  is  65% 
less  than  for  uncoded  updates,  and  errors  of  omission  are  reduced  by  50%.  As  the  number  of  char¬ 
acters  is  increased  from  36  to  90,  the  mean  time  to  locate  coded  updates  is  increased  100%,  bill  that 
of  uncoded  updates  is  increased  150%  (fig.  VI-4). 

Flash  Rate  Coding 

This  type  of  coding  has  been  used  primarily  as  an  attention-getting  device  and  should  be  re¬ 
served  for  emergency  situations  only. 

Using  several  levels  of  flash  rate  information  results  in  poo1'  observer  performance  (Newman 
and  Davis,  1962).  Three  flash  rates  should  be  the  limit  in  any  practical  situation.  These  rates  am: 

0,  1 .0/sec.  2.5/scc,  and  5.0/sec,  assuming  a  50%'  on-off  ratio. 
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. . 


FRIENDLY  TACTIC 

AL  UNITS  STATUS 

UNIT 

ACTIVITY 

FEE 

STRENGTH 

TERRAIN 

ARMOR 

STATUS 

WEATHER 

23 

LANDING 

77 

FARMLAND 

92 

DAMP 

72 

REBUILDING 

96 

LOWLAND 

85 

ATTACKING 

57 

ASSEMBLING 

87 

RIVERS 

«l 

SNOW 

82 

WITHDRAWING 

78 

JUNGLE 

82 

HUMID 

53 

ASSAULTING 

80 

MARSHLAND 

76 

RAIN 

Figure  VI-20 

Example  of  Size  Coding  Updated  Alphanumeric 
Information  ( Alltisi  and  Muller,  1956) 


Brightness  Coding 

Brightness  coding  is  most  effective  win  n  limited  to  two  steps  (dim  and  bright),  it  is  not 
ordinarily  recommended  because  (I )  observer  cannot  reliably  discriminate  more  than  two  levels; 
(2)  ambient  illumination  may  “wash  out”  the  brightness  display. 

Special  Codes 

In  radar-type  displays,  when  the  information  to  be  displayed  is  bearing,  angular  orientation 
lias  been  employed.  With  this  coding,  50%  of  the  course  estimates  were  in  error  by  less  than  15“. 

Inclinations  of  0.  90,  I  80  and  270  degrees  can  be  identified  accurately.  Inclinations  of  45, 
135,  225,  and  3  I  5  degrees  may  be  used  if  more  bearing  information  must  be  displayed.  Line  length 
should  be  between  0.2  and  0.3  inches  (  II LI...  I  965;  see  figure  VI-2 1 ). 


0°  90“  100°  270° 


Figure  VI-21 
Inclination  Coding 


Angular  orientation  coding  may  also  be  used  with  banks  of  identical  indicators  in  which 
direction  of  the  pointer  for  normal  operation  has  been  standardized  Deviations  from  (his  normal 
direction  indicate  an  abnormal  condition.  Minimum  deviation  of  45"  from  normal  orientation  is 
required  for  nigh  probability  of  detection.  90"  preferred  (fig.  VI-22). 
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Figure  VI-22 

Angular  Orientation  Used 
with  Indicators 


Location  Coding 


Location  coding  may  be  accomplished  by  color  coding  different  locations  nr  by  outlines 

m’iouhrm  “ ’m1"0  d‘?Td  °^ject  or  group  of  displays.  An  intensive  border  lias  also  been  used 
poi  ticularly  with  map  displays  (Hammer  and  Ringel,  1%4) 

„„  LU  ,1jlis  type  of  *odinB  Improved  observer  performance  97%  when  response  time  was  limited 
5/ a,  wneri  response  time  was  unlimited,  over  unaided  performance. 

Coding  Combinations 


reel  Hired. 


^  No  more  than  avo  codes  should  be  combined  where  rapid,  accurate  reading  of  the  display  is 


Potential  combinations  of  coding  techniques  (compound  coding)  arc  summarized 


in  table  VI-6. 
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CHAPTER  Vli 


OPTICAL  PROJECTION  DEVICES 

INTRODUCTION 

This  chapter  discusses  the  display  characteristics  of  projected  images  fix.,  slides,  'inns,  remotely 
projected  CRT  displays,  etc.). 

The  following  topics  are  covered; 

1 .  Seating  area  and  screen  size 

2.  Image  In  mi  nance 

3.  Ambient  illumination 

4.  Proje  ion  screen  types 

5.  Legibility  of  projected  data 
Summary  of  Recommendations 

1 .  Symbol  size  10-1  5  minutes  of  arc  resolved  at  the  viewer’s  eye 

2.  Aspect  Ratio-  1.33  to  1.48 

3.  Symbol  stroke  width  1/6  to  I  / 1 C  character  height 

4.  Viewing  distance  4  x  image  width 

5.  viewing  angle  -  20°  to  30°  (from  the  centerline  of  the  display) 

').  Image  luirinanee  -  lOft-L. 

7.  Direction  of  light/dark  contrast  -  not  important  for  legibility 

8.  Ambient  light  0.02  ft- L.  (impinging  on  the  center  of  Ihe  screen) 

Contrast  ratio  •-  500:1  (measured  with  no  film  in  the  projector) 

SYMBOL  SIZE 

'•'lie  acceptable  visual  size  for  viewing  projected  alphanumeric  characters  is  between  10  and  I  5 
minutes  of  arc  resolved  at  the  viewer’s  eye.  (Baker  and  Grether,  1972)  This  follows  from  essentially  the 
same  performance  determined  from  research  for  TV  displays  (see  Chaptei  IV.  SYMBOL  SIZE  section). 

ASPECT  RATIO 

Aspect  ratios  of  between  1.33  and  1 .48  are  recommended  (height/width)  for  greatest  legibility 
Stroke  width  should  be  in  the  range  of  1/6  to  1/10  character  height,  f  igure  Vll-I  presents  screen  dimen¬ 
sions  as  a  function  of  aspect  ratio. 


VIM 


SCREEN  WIDTH  (FT) 

Figure  VII- 1 

Screen  Dimensions  as  n  Function  of  Aspect  Ratio  (1FS,  1959) 


VIEWING  DISTANCE 

Viewing  distance  Cor  projected  displays  is  determined  by  a  number  of  factors  including  resolution 
of  picture  detail,  limitations  of  graininess  and  sharpness  in  the  projected  image,  etc.  Recommended  viewing 
distances  for  small  viewing  areas  (CICs.  etc.  land  auditoriums  etc.  are  found  in  table  V 1 1- !  (IFS,  1959). 


I  Mill  VIM 

R 1  COM  M I  ■  N 1  )i  1 )  V 1 1  W I  N( .  DISTANCES  (IIS.  1959)* 


Small  Rooms  Auditoriums 

Front  Row  of  Seats 
Minimum  Viewing  Distance* 

Maximum  Viewing  Distance 


\  I  EWING  ANGLE 

The  maximum  recommended  viewing  angle  lor  group  viewing  of  slides  and  motion  pictures  is  be¬ 
tween  20-30°  off  the  centerline  of  the  display  (Baker  and  ( nether,  1972).  Objectionable  geometric 
distortions  of  the  image  on  a  Hat  v-  mu  become  apparent  at  angles  beyond  approximately  30°  off-axis 
to  the  screen. 

•■"Dimensions  given  are  in  multiples  <>|  ^  ten  lieig.lu 


3.0  1.2 
3.0  1.2 
TO  -3.0 
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I’l'.e  adverse  effect  of  oblique  viewing  is  not  a  straight  conic  projection  from  the  screen,  but 
rather  is  geometrically  described  by  "the  surface  of  a  sphere  tangent  to  the  plane  of  the  display."  Ihe 
diameter  ol  that  sphere  equals  the  recommended  viewing  distance  for  that  particular  display  size,  figure 
V-2  (Chapter  V)  presents  the  locus  of  marginal  legibility  for  a  constant  visual  angle  (Luxenberg  and  Kueltn, 

'  %8). 

IMAGE  LUMINANCE 

Screen  luminance  levels  (measured  with  no  film  in  the  projector)  are  approximately  10  times  the 
average  luminance  level  of  the  images  projected  from  normal  filnr  Illumination  falls  off  from  the  center 
as  a  function  of  sc  icon  type,  decreasing  as  muscli  as  20  to  40%  at  the  screen’s  edge.  The  recommended 
screen  luminance  for  small  rooms  is  10  ft-L  with  the  recommended  luminance  for  auditoriums  and  theaters 
being  IO+,f  ft  L  (IKS.  1050). 

Luminance  variation  across  the  screen  should  be  held  to  1.5  (or: 

Maximum  lllumi nation 
Minimum  Illumination 


(see  projection  screen  types,  below,  for  screen  characteristics.) 

DIRECTION  OF  UGHT/OARK  CONTRAST 

Direction  of  contrast  has  not  been  proven  to  have  any  appreciable  effect  on  detection  performance. 

CONTRAST  RATIO 

The  recommended  contrast  ratio  for  viewing  optically  projected  displays  is  500: 1 .  measured  with 
no  film  in  the  prokveor.  (Maximum  image  highlight  brightness  will  normally  be  25-bOU  of  screen 
brigli  t  ness. ) 


PROJECTION  SCREEN  TYPES 


One  of  ihe  primary  factors  responsible  for  the  performance  ot  optically  projected  systems  is 
the  type  of  projection  screen  used.  Screens  can  be  classified  generafiv  as  reflective  or  translucent ,  depend¬ 
ing  upon  whether  the  projected  image  is  viewed  from  the  same  side  as  tie'  projector  (reflective)  or  from 
the  opposite  side  (translucent).  Reflective  types  may  be  cither  dircctioiu.1  or  noil-directional  depending 
on  whether  or  not  brightness  changes  with  viewing  angle  MI'S.  t°5'>). 

Mat  Screens 

Such  screens  are  practically  noil-directional.  Screen  brightness  is  essentially  the  same  at  all  view- 
big  angles.  Practical  reflective  mat  scieens  have  surfaces  of  high  reflectance,  but  since  the  light  is  dis¬ 
tributed  throughout  a  complete  hemisphere  the  maximum  attainable  brightness  is  limited.  Most  mat 
screens  arc  about  .85 -90  a  efficient  (il:S.  1950). 

Lenticular  and  Metallized  Screens 

Reflective  or  translucent  screens  incorporating  uniformly  shaped  and  spaced  lens  elements  and/ 

Oi  metallized  surfaces  control  the  direction  of  fight  reflection  so  that  maximum  brightness  will  be  ob¬ 
tained  within  certain  specified  viewing  angles.  The  highest  brightness  for  a  given  incident  illumination  is 
obtained  with  screens  having  ienliculated  surfaces.  Gain  is  typically  1.5  to  2  0  (M  S,  I95‘M. 


VIM 


Beaded  Surface 

lliis  may  lie  cither  a  rcllcctivc  or  iratislucen;  screen:  such  a  screen  will  appear  the  brightest  when 
viewed  along  the  axis  of  projection  and  will  darien  ijtidc  rapidly  as  the  viewing  angle  increases  away 
from  the  axis.  Gain  is  typically  1.5  to  5.0  (ITS.  I ''5l> \ 

Figure  Vti-2  presents  the  o t  f'i •  icncy  of  v.n  joes  tv  pes  of  screens  as  a  function  of  viewing  angle. 
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Figure  VI 1-2 

Gain  vs  Viewing  Angle  lor  / ;  putil  Front  Projection  Screens 
(Baker  and  Grot  her.  In  Press) 


AUDIENCE  SEATING* 

I  lie  modern  trend  lor  aiidiloimm  design  is  toward  special  trcaiment  for  each  type  oi  present.) 
lion,  ranging  from  small  lee! lire  rooms  I  .  the  hurc  spoi  ls  arena  \Yc  are  heic  limiting  our  recommend. i- 
t ions  to  the  lecture  room  and  Ihc.ilci  silu.iiions 

Inasmueh  as  si ide  and  mm  ie  pn>|.cioi •,  ,n e  mij oi  lan I  clem  mis  of  c  lass  or  lecture  rooms  and 
theaters,  the  criteria  lor  op  I  i  mum  \  i  ew  me  *  •  i  i  lie  pi  <  Meet  mu  s.  iccu  should  govern  l  he  plan  n  hi  g  of  sealing 
arrangements. 

!  DISTANCI  fnKii  the  i.  .  a  oi.isimiim  and  minimum  ( ipuimuu  dislanees  for  viewing  small 
seieens  aie  given  in  Tahk*  VII-.’  I  mec  ,i  ■  •  >.i.  v.  mg  distances  ate  shown  in  Figure  VII- 1. 

’  f - ■ . >m  WhihIsoii  .'.ml  Coiinvei  (  i,fi.  It 
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2.  ANGLE  at  which  the  screen  can  be  viewed  maximum. 

3.  STAGGERING  or  stepping  tor  both)  of  scats  so  that  each  person  has  as  nearly  unobstructed 
view  of  the  screen  as  possible. 


TABLE  VI 1-2 

SMALL  SCREEN  VIEWING  DISTANCE 


TELEVISION 


TV  Screen 

Viewing 

Distance 

9  in. 

18-30  in. 

15-17  in. 

30  in. -6  II 

17-  19  in. 

6~  ion 

19-23  in. 

10-20  ft 

21-30  In. 

20-30  ft 

MOVIES 


Figure  VII  3 

Large  Screen  Viewing  Distance 
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SUMMARY  OH  TV  AND  PROJECTED  DISPLAY  DATA* 


Tin1  following  is  ;i  compilation  of  key  performance  characteristics  and  tynically  accepted  numeri¬ 
cal  values  for  TV  and  projected  displays. 

1 .  Symbol  size  (minimum  visual  angle)  -  12-15  minutes  of  arc 

2.  Resolution  (minimum  number  of  TV  scan  lines  per  height  of  sy  mbolic  characters  for  ade¬ 
quate  recognition)  10 

3.  Stroke  width  to  height  ratios  for  symbols  -  I  :6  to  1:10 

4.  Character  width  to  height  ratio  -  0.75 ;  should  be  closer  to  1 .0  if  display  is  to  be  viewed  at 
large  acute  horizontal  angles 

5.  Misregistration  (maximum  acceptable  for  additive  color  mixing)  ±65'%  ot  strokewidth 

6.  Minimum  frame  rate  for  display  of  continuous  motion  7 Vi- 1 5  frames  per  second 

7.  Geometric  distortion  -  displacement  of  any  picture  element  should  not  exceed  I -2%  (opti¬ 
mum)  of  picture  height  from  true  position; acceptable  geometric  distortion  is  defined  by  display  appli¬ 
cation 

8.  Linearity  ±  x  IT  acceptable.  0.2%  desirable  (depending  upon  application) 

9.  Display  aspect  ratio  commercial  TV  standards  call  for  4:3  wklth-to-heiglit  ratio;  5:7  or 
2  3  are  recommended  for  greatest  legibility 

10.  Acceptable  bandwidth  -4.0-10  MHz. 

1 1.  Viewing  distance  (for  individual  displays)  18  20  inches.  Also  sometimes  given  as  28  inches, 
because  this  is  average  arm  reach.  For  28  incites  the  size  dimensions  of  an  optimal  console  display  would 
be  height  -  13  inches  above  eye  level.  20  inches  below;  width  20  incites  on  either  side  of  the  seal 
centerline 

12.  Viewing  angle  not  less  Ilian  30°  off  perpendicular  axis  For  console  displays.  30°  down 
from  horizontal'  !  5J  either  side  of  direct  line  of  sight. 

13.  Flicker  display  pulse  rate  should  be  compatible  with  (  FF  lot  the  particular  phosphor  and 
driver  combination  being  utilized 

14.  Display  bright  ness  line  brightness  of  50  ft- L  in  normal  ambient  lighting  (lower  intensities 
will  be  required  for  very  low  ambient  light  levels! 

15.  Contrast  ratio:  9()C  (optimal) 

16.  Equipment  response  time  should  be  in  the  range  of  2.-6  seconds;  most  desirable  would  be 
less  than  3  seconds  at  the  display  station 


I  ren:  Meislei  am!  Sullivan  <  1%'}) 
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DISPLAY  LrulBILITY 


The  material  i'or  this  -hupler  was  excerpts v!  primarily  from  a  ratin',"  old  but  thorough  study 
conducted  by  human  factors  .‘‘‘.•.sonnei  at  lire  Fendix  Aviation  Corporation.  Radio  Division,  <Bcndix 
IV59).  Once  again  a  change  in  -tv le  is  evident  since  this  was  primarily  written  as  a  research  report 
rather  than  a  design  guide.  However,  the  selected  material  provides  a  well-balanced  handling  of  an  area 
in  which  considerable  confusion  uas  prevailed.  Its  link  to  illumination  is  direct  in  that  there  are  increased 
requirements  for  luminanee  and/or  contrast  with  decreased  display  legibility.  Furthermore,  in  suhoplimal 
environments,  such  as  aircraft  cockpits,  simultaneous  attention  to  legibility  and  illumination  is  necess¬ 
ary  lor  op  n  am  viewing. 


.aerial  excerpted  from  other  sources  is  so  indicated. 

DFrllMITIONS 


I1  has  been  repeatedly  found  that  confusion  in  meaning  causes  much  iniounaiion  to  be  lost  in 
efforts  to  communicate  ideas  concerning  legibility  of  displays  between  the  customer,  prime  contractors, 
subcontractors,  and  vendors.  The  following  terms  are  the  worst  offenders  and.  hence,  are  here  defined' 


I.  Visibility  the  quality  of  an  item  which  makes  it  separately  visible  from  its  surroundings. 
An  example  may  he  taken  from  the  alphabet.  The  letter  "H"  has  ’luce  hoii/onlal  strokes,  with  two 
spaces  between,  making  five  elements  in  height  to  Ik  seen.  Likewise,  it  lias  vertical  strokes  at  each  side 
and  a  space  between  which  make-,  three  elements  in  width  to  be  seen.  If  these  three  width  elements 
and  five  height  elements  can  be  distinguished,  we  may  say  that  the  elements  of  the  letter  are  visible. 

Tji is  is  i’oo'J  iiuliCvitioii  us  to  wh\  l!vo  j-opulu?  MOHiiiiul  \vik!t!'"!o-hoij,«i!  vuMo  ot  *ypo  is 

given  as  ,T5.  Normal  human  vision  under  average  lighting  can  see  an  object  subtending  a  visual  angle  of 
I  minute.  It  follows  then  that  a  letter  to  be  visible  as  a  letter  must  be  5  minutes  of  visual  angle  in 
height,  i his  is  annul  1  /h4th  of  an  inch  at  normal  reading  distance.  (  I  his  is  a  threshold,  not  a  recom¬ 
mendation,  ) 


2.  L  egibility  the  quality  of  a  letter  or  numeral  which  enables  live  observer  to  positively  and 
qti'ekh  identify  it  lo  the  ex  Tusion  of  all  other  letters  and  numerals.  In  figure  Vlll-1  it  can  he  clearly  seen 


that  dill'erent  type  styles  possess  different  degrees  of  absolute  legibility. 


.1  Readability  Figure  Vlll-2  was  prepared  originally  as  an  illustration  of  a  study  of  ihe 
shortcomings  of  available  digital  indicators  in  the  matter  of  readability,  in  essence,  readability  may  he 
defined  as  those  qualities  which  contribute  to  easy  recognition  of  words  and  whole  numbers.  Note  that 
ihe  small  numerals  of  the  lower  right  hand  group  are  most  easily  readable  as  a  whole  number.  Among 
the  many  factors  involved  are  spacing  of  the  individual  characters,  spacing  of  words,  spacing  of  lines, 
and  ratio  of  character  area  to  background  area. 


Figure  VI 1 1 -3  shows  Ihe  distinct!  m  between  readability  and  legibility  in  that  the  quality  ol 
readability  is  mainly  determined  by  Ihe  dimensions  ol  surroundings  of  ihe  individual  eharacteis  in  re¬ 
lation  m  other  characters,  whereas  the  quality  of  legibility  is  mainly  determined  In  the  dimensions  and 
stvle  <  !  the  character  itself. 


CiOlhic  typ  A  composite  or  a  Minimal  y  of  dictionary  definitions  of  the  word  “l  .o  I  Inc" 

".ill  ,i  ci  >se  that,  in  America,  it  means  "any  character  winch  is  of  uniform  stroke  width  ami  whose 
oof.,  s  terminate  without  decorations  or  embellishments  called  ‘serifs'.”  In  printer’s  ,.arlance.  it  also  in¬ 
clude  ■  .ivies  which  haw  very  minor  set  its  designed  io  provide  very  sharp  terminations.  (T  his  i.  a  rot  oi 
dice  to  Copperplate  <  lot h ic  sly  Its.)  This  American  dol'initioc.  is  spelled  out  here  and  there  in  .  oventineni 


VIII-I 


Airport  Black 
Franklin  Gothic 
Square  Gothic 
Fiitura  Demibold 
Futura  Medium 
Tempo  Medium 
News  Gothic  Condensed 
Tempo  Bold  Condensed 
Gothic  Medium  Condensed 


ABCDEFGMSJKL.MNO  1234567690 
ABCDEFGMUKLMN  1 234567890 
A8CDE  FGHI JKLMNOPORSTUVW  1 334567690 
ABCDEfGHUKLMNOPGRSTU  1 234567890 
ABCDEFGHIJKLMNOPQ  1234567890 
ABCDF.FGHIJKLMNOPQRSTUVWXYZ  1234567890 
ASCDEF6HIJKLMN0PQPSIUVWXY  1234567890 
ABC&tFGHiJKLMN0PQPSTU\/WXY2  1 234567896 


Figure  VIII- 1 
Comparative  Legibility 
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Figure  VIII-?. 

Rcadahiliry  of  Digital  Indicators  A  Typical  Displas  I’rnhlcm 


viii : 


Figure  VII 1-3 

Dimensions  Which  Affect  Readability  and  Legibility 


specifications.  Unfortunately,  however,  there  is  another  older,  traditional  definition.  In  the  traditional 
definition  used  both  in  America  and  Europe,  Gothic  means  just  about  everything  that  the  specification 
definition  does  not.  In  this  old  definition,  the  strokes  are  not  uniform,  the  strokes  never  terminate  in  a 
rectangular  form,  and  serifs  are  all  over  the  letters.  The  old  English  Gothic  is  our  familiar  Christmas 
stylo  Much  confusion  has  resulted  from  such  a  loose  description  of  Gothic,  but  many  earnest  and  com¬ 
petent  equipment  designers  have  gratefully  accepted  the  design  latitude  that  such  looseness  has  pro¬ 
vided  them  in  solving  difficult  design  problems. 


5.  Printer’s  terms  of  measurement  -  It  is  not  necessary  to  go  into  all  the  terms  of  measurement 
used  by  printers,  but  one  term,  the  “point,”  lias  caused  much  loss  of  information  in  communication  be¬ 
tween  interested  parties  in  the  field  of  displays  in  equipment  design.  The  printer’s  “point"  is  I /72nd  of 
an  inch.  When  used  as  a  unit  of  measure  it  means  just  that,  but  when  used  as  a  measure  of  type  size  it 
means  the  si/e  of  the  slug  upon  which  the  character  is  cast.  Figure  VIII-4  shows  that  the  point  measure¬ 
ment  of  the  slug  makes  provision  for  lower-case  characters  to  descend  below  the  base  line  of  the  cap¬ 
itals  and  also  provides  spacing  between  lines,  it  can  be  slated  as  a  general  rule  that  a  dose  approximation 
of  character  height  expressed  in  points  may  be  made  by  considering  the  point  as  being  l/IOOtii 
ratliei  than  I /72nd  of  an  inch. 


i  I  l/i 
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PREFERRED  GOTHIC  STYLES 


A  few  of  ’ie  Gothic  styles  arc  very  archaic  and  should  never  be  used.  A  tentative  selection  of 
preferred  styles  may  be  made,  and  such  a  selection  is  shown  in  figure  VI 11-5.  A  number  of  different 
names  have  been  given  to  identical  type  styles  by  various  type  founders  and  manufacturers  of  machines 
and  materials  for  various  methods  of  preparation  of  copy  for  displays.  Figure  VI 1 1-5  includes  :.  pre¬ 
liminary  study  of  such  equivalents.  A  complete  and  accurate  tabulation  of  this  data  on  equivalents 
should  be  nn.de  for  guidance  of  procurement  and  inspection  personnel.  Many  man-hours  and  dollars 
are  being  lost  by  lack  of  this  concise  information,  and  more  important,  rejection  of  excellent  work  has 
been  known  \o  cause  delay,  in  order  to  procure  less  desirable  work,  all  because  of  lack  cf  clear  defin¬ 
itions  of  specification  terms  such  as  Gothic,  point,  width-to-height  ratios,  etc. 


VERY  LIGHT  STYLES 
Futura  Liijli* 

Futura  Light;  Hfiadlinor  No.  48 
Lining  Mctrothin 
Mctrolilo 
Sans  Sorif  Light 
Tumpo  Light 
Vogue  Light 


A8CDEFGH!  JKLMNOP  1  234567890 


ABCDF.FGHIJKLMNOPQRS  1234567890 
ABC.  DEFGHIJKLM1  234567890 
ABCDEFGHIJKLMNOPQRSTU  1234567890 
ABCDEFGHIJKUviNOPQR  1234567090 


LIGHT  STYLES 
Futura  Book 
Spartat*  Book 
Sans  Serif  Medium 
Sans  Serf  Medium  ConckriSurf 
Tomnu  Medium 


ABCOEFGHIJKLAANOPQRST  1 234567890 

ABCDEFGHIJKLMNOPQ  1234567$ 

ABCDEFGHUKLMNOP  1  2  3  4  5  6  V  890 

ABCDEFGHIJKLMNOPQ  1234567890 


MEDIUM  STYLES 

F'.tura  M.j''*j‘n  ABCDEFGHIJKLMNOPQRST  1234567890 


Airport  Gothic;  Headliner  No,  SO;  Spartan  Medium 
Futura  N  odium  Condensed  (ONDFNSFD  obcdftFghi 

Sans  sarit  Bold  ABCDEFGHS  1  2  3  4  5  6  7  8  9  0 


Figure  VII 1-5 

Tentative  Selection  of  Preferred  Styles  ( equivalents  indented) 


VI  i  1-4 


There  are  occasions  when  wide  characters  should  be  used.  A  typical  example  is  a  digital  indica¬ 
tor  using  a  wheel  or  tape  to  carry  the  characters  to  a  position  in  a  window.  Generally,  wheel  diameter 
or  tape  length  is  restricted.  This  means  limited  character  height,  but  space  in  width  is  usually  available, 
it  is  undoubtedly  because  of  nonavailability  of  legible  extended  numerals  that  specification  MIL-P-7788 
suggests  extended  styles  for  letters,  but  wisely  suggests  nonextended  styles  for  numerals,  even  though 
extended  (wide)  numerals  could  be  superior. 

DESIGN  OF  TRAiMSILLUMINATED  NUMERALS  AND  LETTERS* 


Transilluminated  types  of  displays  require  special  height-width  and  stroke  width  specifications.  . 
Special  care  must  also  be  taken  in  engraving  the  sandwich  materials,  for  the  slightest  variation  in  the  en¬ 
graving  depth  makes  a  great  difference  in  the  brightness  of  the  emitted  light.  Designers  are  warned  that 
the  thickness  of  commercially  available  plastic  sheets  varies  considerably  and  the  engraving  techniques 
ordinal  ily  used  will  not  give  satisfactory  results.  Engraving  depth  must  be  measured  from  the  opaque 
top  surface. 


Letters  should  be  all  capitals,  similar  to  Futura  Demibold  type  or  Groton  Extended  engraving. 
Numerals  should  be  similar  to  Futura  Medium  cr  Tempo  Fold  type  or  Groton  Condensed  engraving. 
For  stroke  width  and  height-width  ratios,  see  figures  VlII-6  and  V1II-7. 


I  2  3  4,15 
6  7  8  9  0 


Figure  VlII-6 

Recommended  Numerals  for  Engraved  Legends 
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Figure  VIIJ-7 

Recommended  Letters  for  Engraved  Legends 


Letters  may  he  reduced  in  size  to  a  height-width  ratio  of  5:3  when  there  is  not  sufficient 
space  for  the  1  : 1  ratio  shown. 


1'xi.eipteil  Imm  Won-!, on  and  ('onover  ( !96d). 


EXPERIMENTAL  PSYCHOLOGY  FINDINGS 


Common  sense  would  normally  surest  that,  once  the  most  legible  type  style  lias  been  generated 
(lor  example,  Futura  Demibold),  il  would  be  best  for  all  conditions  ana  environments.  The  stroke  width- 
to-lettcr  height  ratio  of  Futura  Demibold  is  about  1  (>.  Is  this  optimum  for  ail  types  of  display  ?  Experi¬ 
ments  by  Berger  disclose  sea,,  interesting  information.  .  .  . 

Using  a  series  ol  stroke  widths,  Berger  found  that  a  10-mm  stroke  was  best  for  black  letters  on  a 
white  background.  This  is  a  1 :8  ratio  of  stroke  to  height.  Further,  Berger  found  that,  when  the  characters 
were  white  on  a  black  background,  the  greatest  distance  for  reading  was  achieved  with  a  stroke  width  of 
6  mm,  approximately  1:13.  However,  be  I  ore  concluding  that  the  1 :6  ratio  of  Futura  Demibold  for  white 
letters  onhinck  recommended  for  airborne  control  panels  is  incorrect,  many  other  factors  must  be 
considered.  Berger ’s  experiments  dealt  with  optimal  conditions  of  lighting.  Military  aircraft  depart 
deliberately  from  optimal  lighting,  primarily  becan  .e  there  is  an  enemy.  Commercial  pilots  also  have  an 
“enemy"  and  deviate  from  optimum  conditions  ot  cockpit  lighting  to  preserve  their  visual  acuity  for 
night  Hying  .... 

This  phenomenon  of  white  letters  on  black  requiring  a  narrower  stroke  than  black  let  tors  on 
white  is  a  familiar  one;  white  areas  look  bigger  than  dark  areas.  Darkness  cannot  spread  into  light  areas, 
but  light  can  be  dispersed  into  datk  areas.  I  vory  *'ao*or  aich  as  bad  eyesight;  air,  dust,  or  smoke  inter¬ 
vening  between  the  display  and  the  observer;  vib'x.tion ;  nervous  stress;  etc.  causes  the  light  areas  to 
appear  larger  than  they  are.  This  eil'ect  is  more  enhanced  as  the  intensity  of  the  light  is  increased.  .  .  . 

Just  as  it  can  be  shown  that  very  thin  strokes  are  required  for  very  highly  luminous  characters, 
it  can  also  be  demonstrated  that  very  thick  strokes  arc  preferred  for  black  letters  on  a  very  highly  lumin¬ 
ous  background.  T  his  can  be  illustrated  easily  with  projection  slides,  but  not  on  the  printed  page.  .  .  . 

A  typical  case  of  nig*  .y  luminous  background  is  a  warning  light  having  its  label  engraved  directly 
on  the  lens.  Here,  thick  strokes  are  desirable,  but  there  is  a  practical  limit. 

LOW  LEVELS  OF  ILLUMINATION  AND  CONTRAST 

As  illumination  (or  contrast)  is  reduced,  thick  letters  become  relatively  more  readable  than 
thin  ones.  T  his  is  true  for  both  biack-on-whilo  or  white-on-blaek.  .  . 

It  Fas  been  determined  that,  for  optimal  levels  of  illumination,  white  letters  on  black  should 
have  a  thinner 'stroke  I  i :  1 3 )  than  black  letters  on  white  (!  :<S)  and  that  this  difference  should  increase 
as  the  light  intensity  is  increased  from  I  :S  to  1  : 100  (a  20-to-l  range).  However,  as  the  illumination  is 
reduced  from  optimum  and  the  consequent  contrast  is  reduced,  a  new  rule  comes  ii.io  effect.  There 
seems  to  be  a  common  meeting  point  at  very  low  levels  of  illumination  and  contrast  of  an  optimum 
stroke  width  for  both  white-on-blaek  and  black-on-while  characters.  The  complete  answer  has  not  yet 
been  found,  but  it  is  expected  that  the  answer  is  in  the  experimental  data  which  have  been  accumulated. 
There  are  good  reasons  !»•  expect  that  the  data  will  disclose  that,  for  very  low  contrast  or  very  low  levels 
of  illumination,  the  most  impoitanl  factor  controlling  legibility  is  area  the  maximum  legibility  being 
achieved  when  the  <  liar,  ctei  area  is  approximately  i-qual  to  the  immediately  surrounding  background 
areas.  .  .  . 


LEGIBILITY  AT  GREAT  DISTANCE  OR  WITH  SMALL-SIZE  CHARACTERS 

f ,  ,  „  J  l,crL‘  ;,a'  8°°d  reasol,s  to  expect  the  data  to  disclose  that,  although  stroke  width  is  imnortmt 

S=s? 

nt  o  the  eh.tiactu  by  which  it  is  distinguished  stiil  he  seen?  It  is  obvious  that  as  size  is  reduced 
.  1('  ,  1  0,1,1  'WarC  ‘,hc  CyC  can  no  lo"Sei'  separate  the  five  elements  in  height  and  the  average  of  Hi  re- 
*’i  ^  U!,!'s /.n  ')'!(,t,i'  t,ierc  1S  still  a  pattern  of  geometric  form  left  wherein  it  becomes  difficult  to  make 
S-h‘,'ri  ■!  '  U,C  '?1S  l>0 f ween  iticfivid uai  characters,  but  words  can  still  be  recognized  If  the  individual 
Si  SU,fiCiC,lUy  diStmCtiVC  hl  KCOmCtliC  t!"  do wn ward  ra: n ge  of  leg! b I e  size 

WIDTH-TO-HEIGHT  RATIO 

t  ( >  -  h  ei  cl  u '  r  ■  U  i  o '  T|  It?*  rr n !•  t^n  e  *  *  ' '  d° C*  b,V  "'X,)e',,,,U!it;‘l  Psychologists  to  determine  an  optimum  width- 
migm  ratio.  II  I.,  clloit  has  been  rewarded  with  a  valid  finding  that  available  styles  arc  Inn 

rrSS^^ 

v  . ...  1:1  "!;ittc,IS  ol  proportion,  (he  modern  designer  bows  in  admiration  of  the  designers  of  ">000 

£ ;  i,;.h"  s,c, T“"  l>"‘">'1  rr nemv  v,m lm <*••" £t2l£Z£?*, 

m.h'wrn.i?,"  Wl7  m,uc  th,ck  ;1  oa,cr  t,ult  <^'V  would  remain  visible  at  wide  viewing 
1  r  :  *,th  c:,a,ul  nr‘l*»',y-  when  successive  vertical  strokes  occur,  the  most  s.gmT'-ani  ^  ™r  d 

Z^^JSSLTTS  w“s, Ifv»  will  . . . 

lion  md  htcnllv  ■  rc  tbit  '  i  l"al,p!jn  or  bn,sh  s|rokes  >'°11  would  make  in  an  upward  dircc- 

w  I  V  '  r  n;m,lal  (iownvrar(1  strokcs  are  Thus.  Romans  enhanced 

p  0  '  f,K  "  ‘‘^  'ufoctuia1  inscriptions  without  sacrificing  one  bit  of  their  classic  beauty. 
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Figure  VUI-H 

Classic  Roman,  and  the  "Thick  and  Thin"  Design 
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Getting  back  to  width-to-hcight  ratios,  one  should  be  very  skeptical  of  accepting  fUed  notions 
that  this  or  that  ratio  is  best  for  all  character,  of  an  alphabet.  .  .  .  The  most  poorly  legible  styles  are  often 
the  result  of  an  attempt  to  "horse”  the  design  into  a  standard  ratio  and  all  of  the  most  legible  type  styles 
are  the  result  of  pursuing  good  geometric  expression,  utterly  ignoring  any  concept  of  fixed  ratios. 

The  character“0”  cannot  be  made  more  legible  by  departing  from  a  perfect  circle.  The  charac¬ 
ters  “A”  and  “V”  cannot  be  made  more  legit  le  by  departing  from  the  proportions  of  an  equilateral  tri¬ 
angle.  The  characters  ”C,”  *‘D.”  and  “B”  arc  recognized  by  their  semicircular  construction.  Some  gain  in 
legibility  is  possible  by  widening  th-se  characters  as  required  to  preserve  the  semicircular  appearance 
over  a  wide  viewing  angle. 

COMMENTS  ON  SOME  PROPOSED  STVLES 


The  NAM  EL  style  of  numerals  was  based  partly  upon  a  study  by  Mackworth  in  which  an  old 
and  a  proposed  new  style  were  compared  (see  figure  Vlli-9 ).  Mackworth  altered  the  geometric  form 
to  gain  higher  legibility.  With  Mackworth’s  new  style  reading  errors  were  reduced  (o  about  50  percent 
of  the  leading  errors  with  the  old  style.  It  is  fair  to  note,  however,  that  the  old  style  used  for  compari¬ 
son  was  rather  poor. 


NEW  DESIGN 


Figure  VII 1-9 
Mark  worth's  Experiment 

Another  experiment  used  numcuils  of  very  radical  design.  Typical  forms  are  shown  in  liguie 
VIII-IO.  With  this  dcs'gii.  errors  were  reduced  to  near  zero.  As  an  experiment  this  was  a  notable  one. 
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Figure  VIIMO 

A  Radical  Departure  in  Geometric  Form 


The  principles  of  legibility  used  in  this  experiment  were  sound,  but  to  our  present  sensibilities,  the  char¬ 
acters  are  rather  shocking.  ...  It  is  felt  that  the  principles  of  this  experiment  can  be  used  to  dcvv'op 
pleasing,  acceptable  numerals  with  a  very  high  degree  of  legibility. 

EXPERIMENTAL  METHODS 

We  believe  that  the  foregoing  sketchy  discussion  of  the  problem  and  a  few  of  the  many  exper¬ 
iments  which  have  been  performed  will  show  that  legibility  cannot  be  maximized  using  only  one  style 
of  lettering,  however  good,  for  all  applications.  For  example,  no  evidence  has  been  discovered  so  far  to 
indicate  that  the  I-utura  styles  recommended  for  airborne  control  panels  are  anywhere  near  optimal. 

Yet,  other  valid  experiments,  not  discussed,  show  that  there  is  nothing  commercially  available  which  is 
any  better  for  the  peculiar  conditions  of  both  day  and  night  flying.  This  is  just  a  single  fact  and  docs  not 
in  any  sense  indicate  that  Futura  is  therefore  optimal  for  till  displays.  .  .  . 

It  can  be  shown  that  legibility  and  beauty  are  not  synonomous,  but  it  also  appears  that  they 
should  be  close  companions.  A  desirable  goal  is  to  demonstrate  how  a  st>  .c  as  highly  legible  as  studies 
Ir.vv  shown  is  possible  can  be  generated  and  still  be  attractive  and  acceptable  as  a  pleasing  example  of 
modern  type  design.  Figure  VIII- 1  I  represents  a  start  in  this  direction. 
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Figure  VIII- 1 1 

A  Start  Towa  d  Higher  Legibility 


SPECIFICATIONS 

II  wu  wi  ll  to  look  at  the  detailed  re<|uirements  of  the  various  spec' ficat  011s  .  .  .  you  will  find 
perhaps  that  von  would  like  to  change  a  few  words  or  add  some  clarifying  notes  on  the  basis  of  the  con- 
lent  < ' I  i!iv  * v )  1  v*  going  discussions.  I  his  is  not  because  olerrom  to  he  found  in  the  specifications,  but 
lather  that  some  erroneous  inferences  could  easily  be  made  fr  >m  what  is  said  For  example.  M ll.-P-  / 7M8 
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appears  to  imply  that  numerals  should  have  a  thinner  stroke  width  than  letters.  The  experimental  data 
show  that  white  characters  on  black  should  have  thinner  strokes.  Therefore,  it  would  be  desirable  that 
the  letters  also  be  thinner.  But,  unfortunately,  the  available  thinner  style  letters  have  a  fault.  The  A,  M, 
N,  V,  and  W  have  pointed  stroke  terminations,  causing  poor  apparent  alignment  which,  due  to  short¬ 
comings  in  the  printing  processes,  often  causes  very  poor  results.  This  specification  also  appears  to  be 
saying  that  letters  should  be  wide,  I :  I  ratio,  and  numerals  should  be  narrow,  3:5  ratio.  Experimental 
data  show  that  ail  characters  should  be  relatively  wide  for  maximum  legibility.  What  MII.-P-7788  is 
really  saying  is  that  there  are  wide  letter  styles  available  which  are  satisfactory,  but  in  general,  existing 
wide  numeral  styles  have  poor  legibility.  MIL-P-7788  further  appears  to  be  implying  that  uniform  width- 
to-height  ratios  are  desirable.  If  so,  it  is  a  mistake,  due  probably  to  the  ambiguous  nature  of  some  exper- 
mental  data  and  due  to  the  fact  that  uniform  width  characters  “look”  more  orderly.  .  . 

MIL-b-4 1 58A,  Genera!  Specification  for  Ground  Electronic  Equipment,  says,  on  the  subject  of 
lettering,  “Vertical  Gothic,  minimum  height  3/64-iuch.  .  .  ”  Experience  has  shown  that  such  a  low 
minimum  is  absolutely  necessary  in  many  cases.  This  is  quite  a  “touchy”  question.  Design  engineering 
organizations  must  meet  some  very  complex  problems  and,  in  order  to  meet  customer  needs,  must 
get  equipment  out  on  the  shipping  platform,  it  is  a  human  engineering  objective  to  put  sufficient  infor¬ 
mation  before  procurement  officers,  design  engineers,  and  government  inspection  officers  lo  allow  them 
to  determine  if  the  customer  needs  have  been  met.  However,  some  idea  may  be  gained  of  how  words 
look  when  they  are  made  up  of  3/64  inch  letters  from  the  fact  that  this  is  the  size  of  the  smallest  type 
shown  in  the  book  of  sample  readings  an  oculist  will  hand  you  to  read  with  your  new  glasses. 

In  spite  of  the  work  that  has  been  done,  there  is  still  room  tor  improvement  in  type  design.  The 
word  Gothic  should  never  be  used  in  specifications  when  it  is  desired  to  define  a  certain  type  face.  Use 
of  the  term  point  should  be  avoided,  with  letter  heights  specified  in  inches  instead.  There  is  nothing  to 
be  gained  by  specifying  widlh-lo  height  ratios;  specification  of  a  suitable  styie  is  a  much  more  productive 
step  Perhaps  most  important  of  all.  stroke  width  should  be  determined  on  the  basis  of  contrast  or  of 
one  of  the  factors  interrelated  to  it  -  illumination,  size,  or  time  of  exposure  Die  manner  sliovui  in 
table  VI II- 1 . 


TABLE  VIII-I 

RECOMMENDED  PRINT  STYLES  AND  STROKE  WIDTHS 


Condition 

Variety  of  Style 

Stroke  Width 

Low  level  of  illumination 

Bold 

1:5 

Low  contrast  with  background 

Bold 

1:5 

Ci  nlrast  value  of  1:12  and  lip 
Black  Ic t ter s  oil  white 

Medium  bold  medium 

1  :6  to  i:S 

While  letters  on  black 

Medium  light 

1.8  to  1:10 

Dark  letters  on  illuminated 
background 

Bold 

1:5 

Illuminated  letters  on  dark 
background 

Medium  light 

1:8  to  ! :  10 

Highly  luminous  letters 

Very  light 

1:12  lo  i :20 

Characters  to  be  rend  ai  great 
distances  or  of  below  optimum 
si/e 

Bold  medium  bold 

1:5  to  1:6 

Letter  height  as  a  function  of  viewing  distance  and  illumination  level  is  given  in  f'gure  Vlll- 1  2. 


(MINIMUM  SPACE  OF. TWEEN  CHARACTERS,  1  STROKE  WIDTH; 
BETWEEN  WOODS,  0  STROKE  WIDTHS) 


VIEWING  DISTANCE  (IN.) 


Figure  VIII- 12 

Letter  Height  vs  Viewing  Distance  and  Illumination  Level* 


- FOR  INSTRUMENTS  VVUL-Ul:  THI:  POSITION  OF  THF  NUM URALS  MAY  VARY  aND  Till; 

ILLUMINATION  IS  BETWEEN  0.03  AND  1.0  FT-L. 

-  -  FOR  INSTRUMENTS  V/HFRF,  THF  POSITION  OF  THF  NUMERALS  IS  FIXED  AND  !  HI 
ILLUMINATION  IS  0.3-  1  0  Ff-L,  OR  WHERE  POSITION  OF  THF  NUMERALS  MAY  VARY  AND 
THF  ILLUMINATION  EXCEEDS  1.0  FT-L. 

- - FOR  INSTRUMENTS  WHERE  THF  POSITION  Of  THF  NUMFRALS  IS  FIXED  AND 

THE  ILLUMINATION  IS  A30VE  1.0  FT-L. 


nan  fvubakawa  et  al  (  in70). 
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Chapters  IX  through  XII  present  “specifications”  covering  human  factors  aspects  ol  visual 
displays.  They  are  almost  entirely  from  MIL-STD-1472A.*  For  applications  where  that  specifica¬ 
tion  is  not  called  out,  these  excerpts  may  provide  useful  benchmark  data  of  interest  to  display 
designers  in  emphasizing  proper  man-machine  interface. 


*S:c  I'vHFLlRENCES  AND  BIBLIOGRAPHY. 
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CHAPTER  IX 

VISUAL  DISPLAYS  -  GENERAL  SPECIFICATION  REQUIREMENTS 

GENERAL 

Visual  displays  should  be  utilized  to  provide  the  operator  with  a  clear  indication  of  equipment 
or  system  conditions  for  operation  under  any  eventuality  commensurate  with  the  operational  and 
maintenance  philosophy  of  the  system  under  design  (see  table  IX-1). 


TABLE iX  1 

RECOMMENDATIONS  FOR  DISPLAY  LIGH  TING 


CONDITION 

OF  USE 

LIGHTING 

TECHNIQUE 

BRIGHTNESS 

OF  MARKINGS 
(ft-L) 

BRIGHTNESS 

ADJUSTMENT 

Indicator  reading, 
dark  adaptation 
necessary 

Red  flood,  indirect, 
or  both,  with  oper¬ 
ator  choice 

0.02-0.1 

Continuous  through¬ 
out  range 

Indicator  reading, 

1  dark  adaptation 
|  not  necessary  but 
j  desirable 

Red  or  low-color- 
teinperature  white 
flood,  indirect,  or 
both,  with  operator 
|  choice 

J 

0.02-1.0 

Continuous  through¬ 
out  range 

Indicator  reading, 
dark  adaptation 
not  necessary 

|  White  flood 

i 

1.0-20.0 

Fixed  or  continuous 

1 

1 

Panel  monitoring, 
dark  adaptation 
necessary 

Red  edge  lighting, 
red  or  white  food, 
or  both,  with  oper¬ 
ator  choice 

0.02-1.0 

Continuous  through¬ 
out  range 

Panel  monitoring, 
dark  adaptation 
not  necessary 

White  Rood 

i  0.0-20.0 

Fixed  or  continuous 

Possible  exposure 
to  bright  flashes, 
restricted  daylight 

White  flood 

10.0-20.0 

Fixed 

Chart  reading, 
dark  adaptation 
necessary 

Red  or  white  flood 
witli  operator 
choice 

0.1-1 .0 

(on  white  portion 
of  chart) 

Continuous  through¬ 
out  range 

C  hart  reading, 
dark  adaptation 
not  necessary 

White  flood 

5.0-20.0 

Fixed  or  eoMtnuicnis 

L  , 
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Display  Illumination 

When  the  degree  of  dark  adaptation  required  is  not  maximum,  low-brightness  white  light 
(preferably  integral),  adjustable  as  appropriate,  shall  be  used;  however,  when  the  maximum  degree 
of  dark  adaptation  is  required,  low-brightness  red  light  (greater  than  600  urn)  shall  be  provided 
(imi  =  nanometers). 

Information 

Content.  The  information  displayed  to  an  operator  shall  be  limited  to  that  which  is  necessary  to  per¬ 
form  specific  actions  or  to  make  decisions. 

Precision.  Information  shall  be  displayed  only  to  the  degree  of  specificity  and  precision  required  for 
a  specific  operator  action  or  decision. 

Format.  Information  shall  be  presented  to  the  operator  in  a  directly  useable  form.  (Requiiements 
for  transposing,  computing,  interpolating,  or  mental  translation  into  other  units  shall  he  avoided.) 

Redundancy,  Redundancy  in  the  display  of  information  to  a  single  operator  shall  be  avoided  unless  it 
is  required  to  achieve  specified  reliability. 

Combined  Information.  Information  necessary  for  performing  different  activities  (e.g.,  operation  and 
troubleshooting)  shall  not  simultaneously  appear  in  a  single  display  unless  they  are  comparable  func¬ 
tions  requiring  the  same  information. 

Display  Failure  Clarity.  Displays  shall  be  so  designed  that  failure  of  the  display  or  display  circuit  will 
be  immediately  apparent  to  the  operator. 

Display  Circuit  Failure.  Failure  of  the  display  circuit  shall  not  cause  a  failure  in  the  equipment  asso¬ 
ciated  with  the  display. 

Unrelated  Markings.  Trademarks  and  company  names  or  other  similar  markings  not  related  to  the 
panel  function  shall  not  be  displayed  on  the  pane!  face. 

Location  and  Arrangement 

Accuracy.  Displays  shall  be  located  and  designed  so  that  they  may  be  read  to  the  degree  of  accuracy 
required  by  personnel  in  the  normal  operating  or  servicing  position 

Access,  l  adders,  supplementary  lighting,  or  other  special  equipment  should  not  he  required  in  order 
to  gain  access  to  or  to  read  a  display. 

Orientation.  Display  faces  shall  he  perpendicular  to  the  operator’s  normal  line  of  sight  whenever 
feasible  and  shall  not  be  less  than  45n  from  I  he  normal  line  or  sight  (fig.  IX- 1  ).  Parallax  shall  be 
minimized. 


Reflectance.  Displays  shall  be  constructed,  arranged,  and  mounted  to  prevent  re  action  of  informa¬ 
tion  transfer  due  to  the  reflectance  ol  the  ambient  illumination  from  the  display  cover.  Reflection  of 
instruments  and  consoles  in  windshields  a*'d  other  <  nclosiircs  shall  be  avoided.  If  necessary,  techniques 
(such  as  shields)  shall  be  employed  to  insure  that  system  performance  will  c.ot  nc  degraded. 
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Figure  IX- 1 
Lines  of  Sight 


Vibration.  t, mu  f  visual  displays  shall  not  degrade  user  performance  below  the  level  required 
for  mission  r.ceompIMinient. 

Grouping.  All  displays  necessary  to  support  an  operator  activity  or  sequence  of  activities,  shad  be 
grouped  together. 

Function  and  Sequence,  Displays  shall  be  arranged  in  relation  to  one  another  according  to  their  sequence 
of  use  or  the  functi  inal  relations  of  the  components  they  represent.  They  shall  be  arranged  in  sequence 
witniu  functional  groups  whenever  possible  to  provide  a  viewing  tlow  from  left  to  right  or  top  to  bottom. 

Frequency  of  Use.  Displays  used  most  frequently  should  be  grouped  together  and  placed  in  the  opti¬ 
mum  visual  /one  flip.  1X-2). 

Importance.  Very  important  or  eirtieal  displays  shall  be  placed  in  a  privileged  position  in  the  optimum 
projected  visual  /one  or  otherwise  highlighted. 

Consistency.  The  arrangement  of  displays  shah  be  consistent  in  principle  from  application  to  appli¬ 
cation.  within  ine  limits  specified  herein. 

Maximum  Viewing  Distance.  The  viewing  distance  to  display.-,  located  close  to  then  associated  cont.ols 
...  limited  b"  reach  distance  and  shall  not  exceed  7X  inches  (71  cm).  Otherwise,  there  is  no  maximum 
lanit  other  than  that  imposed  by  space  limitations  provided  the  display  is  properly  designed.  NOTI.1: 

A  ,U)-i:ich  ( 7<i  cm)  clearance  is  required  when  using  ejection  seats 

Minimum  Viewing  Distance.  The  effective  viewing  distance  to  displays,  with  the  exception  of  cathode  ray 
li  no  display  ;  (see  (  A  I  HODh  RAV  TUBL  (CRD  DISPL  AYS  section  below)  and  collimated  displays, 
all  never  b.  less  than  id  inches  t.D  cm)  and  preferably  not  less  than  70  inciies  (SI  cm). 

Aircrew  Station  Signals.  Signals  foi  aircrew  stations  shall  he  in  accordance  with  M1L-STD-41 1. 


IP"  OPTIMUM  15°  OPTIMUM 
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Figure  IX-2 

Vi'rlF'ul  aiiv!  Horizontal  Visual  l  ickl 


Coding 

Techniques,  Displays  shall  be  coded  by  color,  size,  location,  shape,  or  flash  coding,  as  applicable. 
Objectives.  Coding  techniques  shall  be  used  to  facilitate; 


1  Discrimination  between  individual  displays 

2.  Identification  of  functionally  related  displays 

3.  Indication  of  relationship  between  displays 

4.  Identification  of  critical  information  within  a  display. 

Standardization.  All  coding  within  the  system  shall  be  uniform  and  shall  be  established  by  agreement 
with  the  ptocuring  activity, 

TRANSILLUMINATED  DISPLAYS 

General 

The  following  three  general  types  of  transilluminated  displays  should  be  considered: 

I.  Single-  and  multiple-legend  lights,  which  present  information  in  the  form  of  meaningful 
words,  numbers,  symbols,  or  abbreviations. 


Simple  indicator  lights,  such  as  pilot,  bull’s-eye,  and  jewel  lights. 


3.  Traiisiiluniinaled  panel  assemblies,  which  present  qualitative  status  or  system  readiness 
information. 


Use,  Transilluminatc  udicators  should  be  used  to  display  qualitative  information  to  the  operator 
(primarily,  information  that  requires  either  an  immediate  reaction  on  i!ic  pari  of  the  operator  or 
that  his  attention  be  called  to  an  important  system  status).  Such  indicators  may  also  be  used  occasion¬ 
ally  for  maintenance  and  adjustment  functions. 

Ecuipment  Response.  Lights,  including  those  used  in  illuminated  push  buttons,  shall  display  equipment 
response  and  not  merely  control  position. 


In fornriat ion.  l  ights  and  related  indicators  shall  be  used  sparingly  and  shall  display  only  that  informa¬ 
tion  necessary  for  effective  system  operation. 


Positive  Feedback.  The  absence  of  a  signal  or  visual  indication  shall  not  be  used,  to  denote  a  “go-ahead.” 
“ready."  or  “in-tolerance’*  condition,  nor  shall  such  absence  be  used  to  denote  “malfunction,”  “no-go,” 
or  "out  of  tolerance”  condition;  however,  the  absence  of  a  “power  on”  signal  or  visual  indication  shall 
be  acceptable  to  indicate  a  “power  off”  condition.  Changes  in  display  s'alus  shall  signify  changes  in 
functional  status  rather  than  results  of  control  actuation  alone. 


Grouping.  Master  caution,  master  warning,  and  summation  lights  used  to  indicate  the  condition  of  an 
entire  subsystem  shall  be  set  apart  from  ;ifents  which  show  the  status  of  the  subsystem  components, 
except  as  required  under  the  LOCATION,  CRITICAL  FUNCTIONS  paragraph  below. 


Location.  When  a  trnnsillum  mated  indicator  is  associated  with  a  control,  the  indicator  light  shall  be  so 
located  as  to  be  immediately  and  unambiguously  associated  with  the  control  and  visible  to  the  operator 
during  control  operation. 

Location,  Critical  Functions.  For  critical  functions,  indicators  shall  be  located  within  1  5°  of  the  oper¬ 
ator’s  normal  line  of  sight  (see  figure  IX-2).  Warning  lights  shall  be  an  integral  part  of.  or  located  adja¬ 
cent  to,  the  lever,  switch,  or  ether  eoir.ro!  device  by  which  the  operator  is  to  take  action. 

Maintenance  Displays.  Indicator  lights  used  solely  for  maintenance  and  adjustment,  and  referred  to 
infrequently,  shall  be  covered  or  nonvisible  during  normal  equipment  operation,  but  shall  be  readily 
accessible  when  required 

Brightness.  The  brightness  of  transiUuminated  displays  shall  be  compatible  with  the  expected  ambient 
illumination  level,  and  shall  be  at  least  I 0%  greater  than  the  surround  brightness:  however,  the  indicator 
brightness  shall  not  exceed  300%  of  the  surround  brightness. 

Reflection.  Provision  shall  be  made  to  prevent  direct  and/or  reflected  sunlight  front  making  indicators 
appear  illuminated  when  they  are  not.  or  to  appear  extinguished  when  they  are  illuminated. 

Brightness  Conti ol.  When  displays  will  be  used  under  varied  ambient  illumination,  a  variable  contra1 
shall  be  provided.  The  range  of  the  variable  control  shall  permit  the  displays  to  be  legible  under  all 
expected  ambient  illumination. 

Contrast  Within  the  Indicator.  The  brightness  contrast  of  the  figure-ground  relationship  within  the 
indicator  shall  be  at  least  50  percent. 

Lamp  Redundancy.  For  incandescent  displays  or  for  other  than  airborne  applications,  lamps  shall  be 
provided  that  incorporate  filament  redundancy  or  dual  bulbs,  so  that  when  one  filament  or  bulb  fails, 
the  intensity  of  the  light  shall  decrease  sufficiently  to  indicate  the  need  for  lamp  replacement,  but 
not  so  much  as  to  degrade  operator  performance. 

Lamp  Testing.  When  indicator  lights  arc  installed  on  a  control  panel,  a  master-ugli!  test  control  shall  be 
incorporated.  When  applicable,  design  shall  allow  testing  of  all  control  panels  .it  one  dine.  Panels  con¬ 
taining  three  or  fewer  lights  may  be  iles:gned  for  individual  press-to-test  bulb  testing.  Whenever  practi¬ 
cable,  circuitry  should  be  designed  to  test  the  operation  of  the  total  indicator  circuit.  If  dark  adaptation 
is  a  factor,  a  means  for  reducing  total  indicator  circuit  brightness  during  test  operation  shall  be  provided. 

Lamp  Removal,  Method.  Where  possible,  provisions  shall  be  made  for  lamp  removal  from  the  front  of 
the  display  panel  without  the  use  of  tools,  or  by  some  other  equally  rapid  and  convenient  means. 

I  mp  Removal,  Safety.  Display  circuits  shall  be  designed  so  that  bulbs  may  be  removed  and  replaced 
while  power  is  applied  without  causing  Liliire  of  indicator  circuit  components  or  imposing  Personnel 
safety  hazards. 

Indicator  Covers,  Legend  screen  or  indicator  covers  shall  be  designed  to  prevent  inadvertent  interchange. 

Color  Coding.  With  the  exception  of  aircrew  station  signals,  which  shall  conform  to  M1L-STD-4  1  I .  and 
Ail  Force  training  equipment,  which  shall  conform  !c  MIL-T-27474,  transiUuminated  incandescent 
displays  shall  conform  with  the  following  color  coding  scheme,  in  accordance  with  Type  I  Aviation 
Colors  ofMIL-C-dSOSO: 

!.  Rid)  shall  be  used  to  alert  an  operator  that  die  system  or  any  portion  of  the  system  is 
inoperative  and  that  a  successful  mission  is  not  possible  until  appropriate  corrective  or  override  action 
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is  taken.  Examples  ot'  indicators  wliich  should  be  coded  RED  are  those  which  display  such  information 
as  ‘no-go,"  “error,”  “failure,”  "malfunction,”  etc. 

2.  FLASHING  RED  shall  be  used  oidy  to  denote  emergency  conditions  which  require  oper¬ 
ator  action  to  be  taken  without  undue  delay,  to  avert  impending  personnel  injury,  equipment  damage, 
or  both.  The  flash  rate  shall  be  within  3  to  5  flashes  per  second  with  approximately  equal  amounts  of 
ON  and  OFF  time.  The  indicator  shall  be  so  designed  that,  if  it  is  energized  and  the  flasher  device  fails, 
the  light  will  illuminate  and  burn  steadily. 

3.  YELLOW  shall  be  used  to  advise  an  operator  that  a  condition  exists  which  is  marginal. 
YELLOW  shall  also  be  used  to  alert  the  operator  to  situations  where  caution,  recheck,  or  unexpected 
delay  is  necessary, 

4.  GREEN  shall  be  used  to  indicate  that  the  monitored  equipment  ;s  in  tolerance  or  a  condi¬ 
tion  is  satisfactory  and  that  it  is  ail  right  to  proceed  (e.g.,  “go-ahead,”  “in-tolerancc,"  “ready,” 

“function  activated,"  etc.). 

5  WHITE  shall  bo  used  to  indicate  system  conditions  that  do  not  have  “right”  or  “wrong” 
implications,  such  as  alternative  functions  (e.g.,  Missile  No.  1  selected  for  launch,  etc.)  or  transitory 
conditions  (e.g.,  action  or  test  in  progress,  function  available),  provided  such  indication  does  not  imply 
success  or  failure  of  operations, 

6.  BLUE  may  be  used  for  an  advisory  light,  but  preferential  use  of  BLUE  should  be  avoided. 

Legend  Lights 

Use.  Legend  'iglits  shall  be  used  in  preference  to  simple  indicator  lights  except  where  design  consider¬ 
ations  demand  that  simple  indicators  be  used. 

Color  Coding.  Legend  lights  shall  be  color  coded  in  conformance  with  the  COLOR  CODING  paragraph 
above  and.  where  applicable,  shall  be  further  coded  as  to  function  by  location,  size,  and  flash  coding. 
Legend  lights  requited  to  denote  personnel  or  equipment  disaster  (FLASHING  RED),  caution  or  impen¬ 
ding  danger  (YELLOW),  and  master  summat’on  -  go  (GREEN)  or  no-go  (RED)  shall  be  discriminably 
larger,  and  preferably  brighter,  than  all  other  legend  lignts.  .  . 

Visibility  and  Legibility.  In  other  than  -liicrew  stations,  and  with  the  exception  of  warning  and  caution 
indicators,  the  lettering  on  single  legend  indicators  shall  be  visible  and  legible  whether  or  not  tl  ?.  indi¬ 
cator  is  energized. 

Multiple  Legends.  Multi). le-lcgeiut  indicators  (legend  piates  stacked  one  behind  anothei)  shall  be 
designed  to  conform  with  the  follov/ing: 

1.  When  a  rear  legend  is  illuminated,  it  shall  not  be  obscured  by  the  front  legends. 

2.  Rear  legend  plates  shall  be  so  placed  as  to  minimize  parallax. 

3.  Rear  legends  shall  be  equal  in  apparent  brightness  to  front  legends,  and  the  contrast  be¬ 
tween  rear  legends  ant!  background  shall  be  equal  to  that  of  front  legend  and  background. 

Matrix  Displays.  Matrix  displays  may  be  used  when  the  symbology  presented  does  not  lead  to  ambiguity 
in  interpretation. 
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Simple  Indicator  Lights 


Use.  Simple  indicator  lights  should  be  used  when  design  considerations  preclude  the  use  of  legend 
fights. 

Spacing.  The  spacing  between  ad  jacent  edges  of  simple  round  indicator  light  fixtures  shall  be  suffi¬ 
cient  to  permit  unambiguous  labeling,  indicator  interpretation,  and  convenient  bulb  removal. 

Coding.  Simple  indicator  lights  shall  be  coded  in  conformance  with  table  1X-2;  however,  tin  different 
sizes  shown  arc  intended  only  for  the  attention-getting  value  that  larger  lights  provide  in  relation  to 
indicator  lights  of  lesser  importance. 

TABLE  IX-2 

CODING  OF  SIMPLE  INDICATOR  LIGHTS 


S1ZE'rYPE _  RED  '  ~ 

14-INCH  { 12.7  mm)  Malfunction;  action 

DIAMETER  or  stopped;  failure; 

SMALLER/STEADY  stop  action. 


I- INCH  (25.4  mm) 
DIAMETER  or 
LARGER/ 
STEADY 

MNCH  (25.4  mni) 
DIAMETER  or 
LARGER/ 
FLASHING 

0  to  5/sec) 


i  Master  summation 
(system  or 
subsystem). 


Emergency  condition 
(impending  personnel 
or  equipment 
disaster). 


COLOR 


YELLOW 


Delay;  check; 
recheck. 


Extreme  caution 


GREEN 

Go  ahead;  in 
tolerance;  accept¬ 
able;  ready. 

Master  summation 


(impending  danger;.  (system  or  subsystem). 


WHITE 

Functional  or 
physical  position; 
action  in  progress. 


Transillurninated  PanJ  Assemblies 

Transilluminated  panel  assemblies,  which  present  whole  patterns  of  information,  should  be 
considered  for  presentation  of  data  How  and  complicated  data  organization. 

CATHODE  RAY  TUBE  (CRT)  DISPLAYS 


Signal  Size 

When  a  target  of  complex  .shape  is  to  be  distinguished  from  a  nun  target  shape  that  is  also  com¬ 
plex,  the  target  signal  shall  subtend  no  less  than  20  Minuter,  of  visual  angle. 


Viewing  Distance 

A  1 6-inch  t,4 1  cm)  viewing  distance  shall  be  provided  whenever  practicable.  When  periods  of 
scope  observation  will  be  short,  or  when  dim  signals  must  be  detected,  tire  viewing  distance  may  be 
reduced  to  10  inches  (25  cm).  Design  should  permit  die  observer  to  view  the  scope  from  as  close  as 
he  may  wish.  A  degree  of  resolution  consistent  with  the  operator’s  needs  should  be  provided.  Displays 
which  must  he  placed  at  viewing  distances  greater  than  16  inches  (41  cm)  due  to  other  considerations 
shall  be  appropriately  modified  in  aspects  such  as  display  size,  symbol  size,  brightness  ranges,  line  pair 
spacing,  and  resolution. 

Screen  Brightness 

The  ambient  illumination  shall  not  contribute  more  than  25%  of  screen  brightness  through 
diffuse  reflection  and  phosphor  excitation. 

Faint  Signals 

When  the  detection  of  faint  signals  is  required  and  when  the  ambient  illumination  may  be  above 
0.25  ft-C,  scopes  shall  be  hoooed,  shielded,  or  recessed.  (In  some  instances,  a  suitable  filter  system  nay 
be  employed.) 

Brightness  Range 

The  brightness  range  of  surfaces  immediately  adjacent  to  scopes  shall  be  between  10%  and  100% 
ol  screen  background  brightness.  With  the  exception  of  emergency  indicators,  no  light  source  in  the 
immediate  surround  shall  be  brighter  than  scope  signals. 

Ambient  Illumination 

The  ambient  illumination  in  the  CRT  area  shall  be  appropriate  for  other  visual  functions  (e.g.. 
setting  controls,  reading  instruments,  maintenance,  etc.),  but  shall  not  interfere  with  the  visibility  of 
signals  on  the  CRT  display. 

Reflected  Glare 

Reflected  glare  shall  be  minimized  by  proper  placeme  nt  of  the  scope  relative  to  the  light  source, 
use  ol  a  hood  or  shield,  or  optical  coatings  or  filter  control  "r  the  light  source. 

Adjacent  Surfaces 

Surfaces  adjacent  to  the  scope  shall  have  a  dull  matte  finish.  The  reflectances  of  these  sur¬ 
faces  shall  be  such  that  the  resultant  brightnesses  will  be  consistent  with  the  criteria  established 
above. 

LARGF.-SCALE  DISPLAYS 
Design 

The  design  of  large-scale  displays  intended  for  group  observation  shall  conform  with  (lie  basic 
visual  criteria  in  other  paragraphs  of  this  standard,  and  the  additional  requirements  below. 


Legibil'ty 


"  he  height-to-width  ratio,  stroke  width,  size,  ard  spacing  of  display  symbols  shall  be  such  that 
all  characters  will  be  legible  at  the  maximum  viewing  fugle  and  distance. 

OTHfcR  DISPLAYS 

Cour  iters 

Uhmination,  Counters  shall  be  self-illuminated  whenever  piacticablc. 

F  nisrt.  The  surface  of  the  counter  drums  and  •  urrounding  areas  shall  have  a  dull  finish  so  as  to  mini¬ 
mize  glare. 

Contrast  Color  of  the  numerals  and  background  shall  provide  high  contrast  (black  on  white,  or 
converse,  as  appropriate). 

Plotters 

Use.  Plotters  should  be  used  when  r  vb.ial  record  of  continuous  graphic  data  is  necessary  or  desirable. 

Visibility.  Plotting  points  shall  be  readily  visible  and  shall  not  be  obstructed  by  the  pen  assembly  or  arm. 

Contrast.  A  minimum  of  50%  con',  ast  shall  be  provided  between  the  plotted  function  and  the  back¬ 
ground  on  which  it  is  drawn. 
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CHAPTER  X 


CODING,  LEGEND,  AND  LABELING  SPECIFICATIONS 


CODING 

Methods  and  Requirements 

The  selection  of  a  coding  mode  (c.g.,  size  and  color)  for  a  particular  application  shall  be  deter¬ 
mined  by  the  relative  advantages  and  disadvantages  for  each  type  of  coding.  Where  coding  is  selected 
for  the  purpose  of  differentiating  among  controls,  application  of  the  code  shall  be  uniform  throughout 
the  system.  (Sec  table  X-l  for  advantages  and  disadvantages.) 


TABLE  X-l 

ADVANTAGES  AND  DISADVANTAGES  OF  VARIOUS  TYPES  OF  CODING 


ADVANTAGES 

TYPE  OF  CODING 

MODE  OF 
OPERATION 

LABELING 

COLOR 

Improves  visual  identification. 

X 

X 

X 

X 

improves  nonvisual  identifica¬ 
tion  (tactual  and  kinesthetic). 

X 

X 

X 

X 

Helps  standardization. 

X 

X 

X 

X 

X 

X 

Aids  identification  under  low 
levels  of  illumination  and 
colored  lighting. 

X 

X 

X 

X 

(When  trails- 
illuminated) 

1 

(When  trails- 1 
illuminated)  1 

May  aid  in  identifying  con¬ 
trol  position  (settings). 

X 

X 

X 

Requires  little  (if  any) 
training;  is  not  subject  to 
forgetting. 

X 

1 

DISADVANTAGES 

May  require  extra  space. 

!- - 

X 

X 

X 

X 

X 

Affects  manipulation  of  the 
control  (case  of  use) 

X 

X 

* 

X 

Limited  in  number  of  avail¬ 
able  coding  categories. 

X 

X 

X 

X 

X 

May  be  less  effective  if 
operator  wears  gloves. 

A 

X 

X 

Controls  mint  be  viewed  (i.c., 
must  be  within  visual  areas 
and  with  adequate  illumi¬ 
nation  present). 

X 

X 

Location  Coding 

Controls  associated  with  similar  functions  should  he  in  the  same  relative  location  from  panel 
to  panel. 

Size  Coding 

No  more  than  three  different  sizes  of  controls  shall  be  used  in  coding  controls  for  discrim¬ 
ination  by  absolute  size.  Controls  used  for  performing  the  same  function  on  different  items  or 
equipment  shall  be  the  same  size. 

Shape  Coding 

Control  shapes  shall  be  both  visually  and  tactually  identifiable  and  shall  be  designed  to  be 
free  of  sharp  edges. 

Color  Coding 

Choice  of  Colors.  Controls  shall  be  black  ( 1  7038)  or  gray  (2623 1 ).  If  color  coding  is  required,  only 
the  following  colors  identified  in  FED-STD-59S  shall  be  selected  for  control  coding; 

1.  Red,  11105 

2.  Green,  14187 

3.  Orange-Yellow,  13538 

4.  White.  17875 

5.  Blue,  1 5 1  23,  shall  be  used  if  an  additional  color  is  absolutely  necessary. 

Relation  to  Display.  When  color  coding  must  be  used  to  relate  a  control  to  its  corresponding  display, 
the  same  color  shall  be  used  for  both  the  control  and  the  display. 

Control  Panel  Contrast.  The  color  of  the  control  shall  provide  contrast  between  the  panel  background 
ami  the  control. 

Ambient  Lighting  and  Color  Coding  Exclusion.  Rsior  to  selection  of  vOior  code,  consideration  shall  be 
given  to  anticipated  ambient  lighting  coordination  throughout  the  mission.  Color  coding  shall  not  be 
used  as  a  primary  identification  medium  if  the  spectral  characteristics  of  ambient  light  during  the  mis¬ 
sion,  or  the  operator's  adaptation  to  that  light,  varies  as  the  result  of  such  factors  as  solar  glare,  filtra¬ 
tion  of  light,  end  variation  from  natural  to  artificial  light,  if  red  lighting  is  to  be  used  during  a  portion 
of  the  mission,  controls  which  would  otherwise  be  coiled  red  shall  be  coded  by  orange-yellow  and 
black  striping, 

LEGEND  SWITCHES 

Dimensions,  Resistance,  Displacement  and  Separation 

Dimensions,  resistance,  displacement,  and  separation  between  adjacent  edges  of  legend  switches 
shall  conform  to  the  criteria  in  figure  X-l. 
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Figure  X- 1 
Legend  Switch 


Banier  height  from  panel  surface  shall  confirm  to  the  criteria  in  figure  X-i. 


Other  Requirements 


1 .  For  positive  indication  of  switch  activation,  the  legend  switch  shall  he  novided  w 
detent  or  click. 


The  legend  shall  be  legible  whe..  ouiy  one  lan.,  is  operating  within  the  switch 


.3.  There  shall  be  a  press-to-test  or  dual  lamp/fiJament  reliability. 


4.  Lamps  within  the  legend  switch  shall  he  replaceable  from  the  front  ol  the  panel  by  hand 
and  the  legends  or  covers  shall  be  keyed  to  prevent  the  possibility  of  interchanging  tne  legend  covers. 

5.  There  shall  be  a  maximum  of  three  lines  of  lettering  on  the  legend  plate. 

LABELING 

General 

General  Requirements.  Controls,  displays,  and  any  other  items  of  equipment  that  must  be  located, 
identified,  read,  oi  manipulated  shall  be  appropriately  and  clearly  labeled  to  permit  rapid  and  accurate 
human  perfomance.  No  lal;*-l  will  be  required  on  equipment  or  controls  whose  use  is  obvious  to  the 
user  (c.g.,  aircraft  control  stick). 

Label  Characteristics.  The  characteristics  of  the  labeling  to  be  used  shall  be  determined  by  such  factors 
as: 

1.  The  accuracy  of  identification  required 

2.  The  time  available  for  recognition  or  other  responses 

3.  The  distance  at  winch  the  labels  must  be  read 

4.  The  illumination  level  ;  ml  color  characteristics  of  the  illuminant 

5.  The  criticality  of  the  function  labeled 

6.  Consistency  of  label  design  within  and  between  systems 

Prototype  and  Production  Equipment  Labels.  Labels  for  both  prototype  and  production  equipment 
shall  meet  the  criteria  specified  herein.  Labels  for  production  equipment  shall  be  designed  to  meet  the 
criteria  specified  for  the  duration  of  equipment  use.  Since  frequent  design  changes  may  he  anticipated 
in  prototype  equipment,  labels  for  such  equipment  shall  be  designed  so  that  they  may  be  simply  and 
easily  affixed,  altered,  and  removed. 

Orientation  and  Location 

Orientation,  labels  and  information  thereon  should  be  oriented  horizontally  so  that  they  may  be  read 
quickly  and  easily  from  left  to  right.  Vertical  orientation  shall  he  used  only  when  labels  are  not  critical 
for  personnel  safety  or  performance  and  where  space  is  limited.  When  used,  vertical  labels  shall  read 
from  top  to  bottom. 

Location.  Labels  shall  be  placed  on  or  very  near  the  items  which  they  identify,  so  as  to  eliminate  con¬ 
fusion  with  other  items  and  labels.  Labels  shall  be  located  so  as  not  to  obscure  any  other  information 
needed  by  the  operator.  Controls  shall  not  obscure  labels. 

Standardization.  Labels  shah  be  located  m  a  consistent  manner  throughout  the  equipment  and  system 
Contents 

Equipment  Functions.  Labels  should  primarily  describe  the  functions  of  equipment  items.  Second¬ 
arily,  the  engineering  characteristics  or  nomenclature  may  be  described. 
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Abbreviations.  Standard  abbreviations  shall  be  selected  in  accordance  with  M1L-STD-12,  MIL-STD-41 1, 
or  MIL- STD  783.  If  a  new  abbreviation  is  required,  its  meaning  shall  be  obvious  to  the  intended  reader. 
Capital  letters  shall  be  used.  Periods  shall  be  omitted  exc-pt  when  needed  to  preclude  misinterpretation. 
The  same  abbreviation  shall  be  used  for  all  tenses  and  for  both  singular  and  plural  forms  of  a  word. 

Irrelevant  Information.  Trade  names  and  other  irrelevant  information  shall  not  appear  on  labels  or 
placards, 

Qualities 

Brevity.  Labels  shall  be  as  concise  .  possible  without  distorting  the  intended  meaning  or  information 
and  shall  be  unambiguous.  Redundancy  shall  be  minimized.  Where  the  general  function  is  obvious, 
only  the  specific  function  shall  be  identified  (e.g.,  frequency  as  opposed  to  frequency  factor). 

Familiarity.  Words  shall  be  chosen  on  the  basis  of  operator  familiarity  whenever  possible,  provided 
die  words  express  exactly  what  is  intended.  Brevity  shall  not  be  stressed  if  the  results  will  be  unfamil¬ 
iar  to  operating  personnel.  For  particular  users  (e.g.,  maintenance  technicians),  common  technical 
terms  may  be  used  even  though  they  may  be  unfamiliar  to  nonusers.  Abstract  symbols  (e.g.,  squares 
and  Cheek  letters'!  shall  be  used  only  when  they  have  a  commonly  accepted  meaning  to  all  intended 
readers.  Common,  meaningful  symbols  (e.g.,  -  and  -u)  may  be  used  as  necessary. 

Visibility  and  Legibility.  Labels  and  placards  shall  be  designed  to  be  read  easily  and  accurately  at 
the  anticipated  operational  reading  distances,  vibration/motion  environment,  and  illumination  levels, 
taking  into  consideration  the  following  factors: 

1 .  Contrast  between  the  lettering  and  its  immediate  bnckgiound 

2.  Height,  width,  stroke  width,  spacino,  and  style  of  letters  and  numerals 

3.  Method  of  application  (e.g.,  etching,  decal,  and  silk  screen) 

4.  Relative  legibility  of  alternative  words 

5.  Specular  reflection 

Access.  Labels  shall  not  be  covered  or  obscured  by  other  units  in  the  equipment  assembly. 

Labe1  Life.  Labels  shall  be  sharp,  have  high  contrast,  and  bo  mounted  so  us  to  minimize  wear  or  obscure- 
nient  by  grease,  grime,  or  dirt. 

Design  of  Label  Characters 

Black  Characters.  Where  the  ambient  illumination  will  be  above  !  ft-C.  black  characters  shall  be  pro¬ 
vided  on  a  light  background. 

Dark  Adaptation.  Where  dark  adaptation  is  required,  the  displayed  letters  or  numerals  shall  be  visible 
without  interfering  with  night  vision  requirements.  Where  possible,  markings  shall  be  white  on  a 
dark  background. 

Style.  Style  of  label  characters  shall  conform  to  M1L-M-I80I2.  Labels  sh  i!  be  prepared  in  capita! 
letters,  except  that  extended  copy  (e.g.,  instructions;  shall  be  in  lower-case  letters. 
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Label  Size  vs  Illumination.  The  height  of  lette.s  and  tiumerals  shal1  Le  determined  by  the  required 
reading  distance  and  illumination.  With  a  28-ineh  (71  cm)  viewing  distance,  the  height  of  numerals 
and  letters  shall  be  within  the  range  of  values  given  in  table  X-2  for  "low”  an  1  "high”  control  display 
brightness  conditions. 

Label  Size  and  Viewing  Distance.  For  general  dial  and  panel  design,  v  itb  the  brightness  normally  above 
1  ft-L,  character  height  should  approximate  the  values  given  in  table  X-3  for  various  distances. 


TABU*  X-2 

LABEL  SIZE  VS  ILLUMINATION 


Height  (in.) 

Low 

(below  i  ft-L) 

High 

(above  1  ft-L) 

For  critical  markings,  with  position  variable 
(e.g.,  numerals  on  counters  and  settable 
or  moving  scales) 

0.2U-0.30 
(5. 1-7.6  mm) 

0.12-0.20 
(3-5  1  mm) 

For  critical  markings,  with  position  fixed 
(e.g.,  numerals  on  fixed  scales,  controls, 
and  switch  markings,  or  emergency 
instructions) 

0.15-0.30 
(3. 8-7.6  nun) 

0.10-0.20 
(2.5-5. 1  mm) 

For  t'.oncritical  markings  (e.g.,  identifi¬ 
cation  labels,  routine  instructions,  or 
markings  required  only  for  familiar¬ 
ization) 

0.05-0.20 
(i. 3-5.1  turn) 

0.05-0.20 
(1 .3-5.1  mm) 

TABLE  X-3 

LABEL  SIZE  AND  VIEWING  DISTANCE 


DISTANCE  (in.) 

HEIGHT  (in.) 

20  (5  !  >'in)  or  less 

0  09  (2.3  mm) 

21-36  (53-91  cm) 

0.17  (2.3  mm) 

37-72  (94-183  cm) 

0.34  (8.0  nun) 

73-144  (185-366  cm) 

0.68  (.  1 7.3  mm  1 

145-240  (368-610  cm) 

1.13  (28.7  nun) 

Lgtter  Width.  I  he  width  ot  letters  shall  preferably  be  3/5  of  the  height,  except  for  the  "I,”  which  shall 
be  one  stroke  in  width,  and  the  "M”  and  “W,”  which  shall  be  4/5  of  the  height* 

Numeral  Width.  The  width  of  numerals  shall  preferably  be  3/5  of  the  height,  except  for  the  “4," 
which  shal!  be  one  stroke  width  wider,  and  the  "I,”  which  shal!  be  one  stroke  in  width. 

*  li  is  recognized  tint  those  arbitrary  ealitnits  arc  debatable  in  some  situations,  its  indicated  in  Chapter  VIII.  However, 
they  do  idled  current  specification  rei|uin'ment$. 
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Wide  Characters.  Where  conditions  indicate  the  use  of  wider  characters,  as  on  a  curved  surface,  the 
h,  sic  hem'it-lo-vvidth  ratio  may  be  increased  to  1:1  in  accordance  with  MIL-M-180  i  2. 

■Stroke  Width,  Normal.  For  black  characters  on  a  while  (or  liglf )  background,  the  stroke  width  shall 
be  1/6  of  the  height. 

Stroke  Width,  Pork  Adaptation.  Where  dark  adaptation  is  rec;uired  or  legibility  at  night  is  a  critical 
factor,  and  white  character  are  specified  on  a  black  background,  the  stroke  width  of  the  characters 
shall  he  from  I  /7  to  I  /8  of  the  height  (i.e.,  narrower  than  specified  for  normal  daytime  vision). 

Character  Spacing.  The  minimum  space  between  characters  shall  be  one  stroke  width. 

Word  Spacing.  The  minimum  space  between  words  shall  he  the  width  of  one  charm  ter. 

Equipment  Labeling  —  Assemblies,  Components,  and  Parts 

General  Requirements.  Each  assembly,  component,  and  part  shah  be  labeled  with  ..  dearly  visible, 
readable,  and  meaningful  name,  number,  or  symbol 

Location.  The  gross  identifying  label  on  an  assembly  or  major  component  shall  be  located: 

1 .  Externally  in  such  a  position  that  it  is  not  obscured  by  adjacent  assemblies  or  components 

2.  On  the  flattest,  most  uncluttered  surface  available 

3.  On  a  main  chassis  of  ihc  equipment 

4.  In  a  way  to  minimize  wear  or  obscurement  by  grease,  grime,  or  dirt 

5.  In  a  way  to  preclude  accidental  removal,  obstruction,  or  handling  damage 

Torms,  Components,  circuits,  or  assemblies  shrill  be  labeled  with  terms  deseripthe  of  the  tost  or 
measurement  applicabh  to  their  test  points  (e.g..  demodulatoi  lather  than  crystal  detector  and  power 
amplifier  rather  than  bootstrap  amplifier). 

Other  Criteria.  In  addition  to  the  criteria  herein.  equi|  men!  labels  and  placards  shall  conform  o  MIL- 
S  ID- 1  jo.  "MIL-S  rt)-E?().  VIII.-S  ll>- 1 05.  MU -SUM  I  I.  MIL-STD-783.  and  MI  L  STD- 1  247.  as  applicable. 

Equipment  Labeling  -  Controls  and  Displays 

General  Requirements,  'onlrol.s  and  displays  shall  be  appropriately  and  clearly  labeled  with  the  basic 
information  needed  for  proper  identification,  uiili/mion.  actuation,  or  manipulation  of  the  element 

Simplicity.  Displays  and  controls  shall  be  labeled  in  the  simplest  and  most  direct  manner  possible. 
Abbreviations  may  be  used  when  they  are  'amiiiar  to  operators  (e.g  .  psi) 

Functional  Labeling.  Each  control  and  d '  .play  shall  be  labeled  according  to  function,  and  the  following 
criteria  shall  apply : 

I .  Highly  similar  names  for  different  controls  and  displays  shall  be  avoided. 
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2.  Instruments  shell  be  labeled  in  terms  of  what  is  being  measured  or  controlled,  taking  into 
account  the  user  and  purpose. 

3.  Control  labeling  shall  indicate  the  functional  result  of  control  movement  (e.g..  increase) 
and  may  include  calibration  data  where  applicable.  Such  information  shall  be  visible  during  normal 

deration  of  the  control. 

4.  When  controls  and  displays  must  be  used  together  (in  certain  adjustment  tasks),  appro¬ 
priate  labels  shall  indicate  their  functional  relationship. 

Location.  The  following  criteria  shall  appiy  to  the  location  of  control  arid  display  labels: 

1 .  Ease  of  control  operation  shall  be  given  priority  over  visibility  of  control  position 

labels. 

2.  Labels  should  normally  be  placed  above  the  controls  and  disp'nys  they  describe.  When 
the  panel  is  above  eye  level,  labels  may  be  located  below  if  label  visibility  will  be  enhanced  thereby. 

3.  The  units  of  measurement  (e.g.,  volts  and  psi)  shall  be  located  on  the  panel. 

4.  Labels  shall  be  used  to  identify  functionally  grouped  controls  and  displays.  The  labels  shall 
be  located  above  the  functional  groups  they  identify.  When  a  line  is  used  to  enclose  a  functional  group 
and  define  its  boundaries,  the  label  shall  be  centered  at  the  top  of  the  group  either  in  a  break  in  the 
line  or  just  below  the  line.  When  colored  pads  arc  used,  the  label  shall  be  centered  at  the  top  within 
the  pad  area. 

5.  Label  location  throughout  a  system  and  within  panel  groupings  shall  be  uniform 

Size  Graduatio  i.  To  reduce  confusion  and  operator  search  time,  labels  shall  be  graduated  in  size.  The 
characters  used  in  group  labels  shall  be  larger  than  those  used  to  identify  individual  controls  and  dis¬ 
plays.  The  characters  identifying  controls  and  displays  shall  be  larger  than  the  characters  identifying 
control  positions.  With  the  smallest  character  determined  by  viewing  conditions,  each  label  shall  be 
at  least  approximately  >5  percent  larger  than  the  next  smaller  label. 
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CHAPTER  XI 


LAYOUT  SPECIFICATIONS 

STANDING  OPERATIONS 
Display  Placement,  Normal 

Visual  displays  mounted  on  vertical  panels  and  used  in  normal  equipment  operation  shall  be 
placed  in  an  area  between  4 1  inches  ( 1 04  cm)  and  74  inches  ( 1 88  cm)  above  the  standing  surface. 

Display  Placement,  Special 

Indicators  that  must  be  precisely  and  frequently  shall  be  placed  in  an  area  between  50 
inches  (127  cm)  and  69  inches  ( i  75  cm)  above  the  standing  surface. 

SEATED  OPERATIONS 

Work  Surface  Width 

A  lateral  workspace  of  at  least  30  inches  (76  cm)  wide  and  i6  inches  (41  cm)  deep  shall  be 
provided  whenever  practicable. 

Work  Surface  Height 

Desk  tops  and  writing  tables  sitali  be  30  inches  (76  cm)  above  the  floor,  unless  otherwise 
specified. 

Writing  Surfaces 

When?  a  writing  surface  is  required  on  equipment  consoles,  il  shall  be  at  least  16  inches  (41  cm) 
deep  and  should  he  at  least  23  inches  (6  I  cm)  wide. 

Display  Placement,  Normal 

Visual  displays  mounted  on  vertical  panels  and  used  in  normal  equipment  operali  m  shall  oe 
placed  ir  n  area  between  6  and  48  inches  ( I  5  and  I  22  cm)  above  the  sitting  surface 

Display  Placement,  Special 

Indicators  that  must  be  read  precisely  and  rrequ.mllv  shall  bi  I  m  an  area  bei’A.cn  -I 
and  37  inches  (36  and  95  cm)  above  the  sitting  surl.n  >  .:i  r-  furthei  tli  -r.  '  bn  *  es  ■»,  cm  i 

laterally  from  the  centerline. 

Warning  Displays 

f  or  “sit  '’  consoles  requiring,  iiori  -ontal  vivon  uvr  the  top.  critical  visual  warning  displays 
shall  be  mounted  at  least  22  5  iiv  h  (  c.7  ;  a  bo  the  iitiug  sn  i  *  u  • 


CHAPTER  XII 


AMBIENT  ILLUMINANCE  SPECIFICATIONS 

Where  equipment  is  to  be  used  in  enclosures  and  is  not  subject  to  black  out  or  special  low-level 
lighting  requirements,  illumination  levels  shall  be  as  specified  by  table  Xll-l  and  shall  be  distributed 
so  as  to  reduce  glare  and  specular  reflection.  Capability  for  dimming  shall  be  provided.  Adequate 
illumination  shall  be  provided  for  maintenance  tasks.  General  and  supplementary  lighting  shall  be  used 
as  appropriate  to  insure  that  illumination  is  compatible  with  each  task  situation.  Portable  lights 
should  be  provided  for  personnel  performing  visual  tasks  in  areas  where  fixed  illumination  is  not 
provided. 


TABLE  Xll-l 

SPECIFIC  TASK  ILLUMINATION  REQUIREMENTS 


ILLUMINATION  LEVELS  (FT-C)* 

WORK  AREA  OR  TYPE  OF  TASK 

RECOMMLNDED 

MINIMUM 

Assembly,  missile  component 

100 

50 

Assembly,  general 

Coarse 

50 

30 

Medium 

75 

50 

Fine 

100 

75 

Precise 

300 

200 

Bench  work 

Rough 

50 

30 

Medium 

75 

50 

Fine 

150 

100 

Ex  Ira  fine 

300 

200 

j  Business  Machine  operation 

(calculator,  digital,  input,  etc.) 

100 

50 

Console  surface 

50 

30 

Corridors 

20 

10 

Circuit  diagram 

100 

50 

Dials 

50 

30 

Electrical  equipment  testing 

50 

30 

1  .  merge  noy  lighting 

3 

!  luges 

50 

30 

lallwa/s 

20 

10 

inspection  tasks,  genercl 
i,i>jgl: 

■Mod  iu  t.i 
Fine 

Extra  line 

*Ac  measur'd  :U  tin-  lask  objeci  or  30  inches  (In*  t|< .. »r 


TABLE  XII- 1  (CONTINUED) 


WORK  AREA  OR  TYPE  OF  TASK 

ILLUMINATION  LEVELS  (FT-C)* 

RECOMMENDED  MINIMUM 

Machine  operation,  automatic 

50 

30 

Meters 

50 

30 

Missiles 

Repair  and  servicing 

100 

50 

Storage  areas 

20 

10 

General  inspection 

50 

30 

Office  work,  general 

70 

50 

Ordinary  seeing  tasks 

O 

30 

Panels 

Front 

50 

30 

Rear 

?0 

10 

Passageways 

20 

10 

Reading 

Large  print 

30 

10 

Newsprint 

50 

30 

Handwritten  reports,  in  pencil 

70 

50 

Small  type 

70 

50 

Prolonged  reading 

70 

50 

Recording 

70 

50 

Repair  work 

General 

50 

30 

Instrument 

200 

100 

Scales 

50 

30 

Screw  fastening 

50 

30 

Service  areas,  general 

20 

10 

Stairways 

20 

10 

Storage 

Inactive  or  dead 

5 

3 

General  Warehouse 

10 

5 

Live,  rough  or  bulk 

10 

3 

Live,  medium 

30 

20 

Live,  fine 

50 

30 

Switchboards 

50 

o 

1  an  1  i,  containers 

20 

10 

s  measured  at  the  task  object  or  30  inches  above  the  floor. 
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TABLE  Xll-l  (CONTINUED) 


WORK  AREA  OR  TYRE  OB  TASK 

Testing 

Rough 

Fine 

Extra  fine 


Transcribing  and  tabulation 


ILLUMINATION  LEVELS  (FT-C)* 
RECOMMENDED  MINIMUM 


NOTES:  L  Some  unusual  inspection  tasks  may  require  up  to  1,000  ft-C  of  light. 

2.  As  a  guide  in  determining  illumination  requirements  the  use  of  a  steel  scale  with 
! /64-inch  divisions  requires  180  ft-C  of  light  for  optimum  visibility. 


*As  measured  at  the  task  object  or  30  inches  above  the  floor. 


MILITARY  REFERENCE  DOCUMENTS 
(FOR  CHAPTERS  IX  THROUGH  XII)* 


ARMY  PUBLICATIONS 

Regulations 
A R  385-16 
Pamphlets 
AMCP  706-134 
Design  Criteria  Handbooks 
MEL  STD-S-2-64 

HEL  STD-S-3-65 

HEL  STD-S-6-J6 

HEL  STD-S-7-68 

NAVY  PUBLICATIONS 

Drawings 

BUSHIPS  Drawing 
9000-6S604-F-73687-K 

Reports 

N  A  V, SHIPS  94324 
Design  Criteria  Handbook 


Safety  for  Systems,  Associated  Subsystems  and  Equipment 


Maintainability  Guide  for  Design 


Human  Factors  Engineering  Design  Standard  for  Vehicle 
Fighting  Compartments 

Human  Factors  Engineering  Design  Standard  for  Missile 
Systems  and  Related  Equipment 

Human  Factors  Engineering  Design  Standard  for  Wheeled 
Vehicles 


Human  Factors  Engineering  Design  Standard  for  Commun¬ 
ication!;  System  and  Related  Equipment 


Standard  Dial  Markings  for  Interior  Communication  Order 
and  Indicating  Systems 


Human  Engineering  Guidelines  for  Maintainability 


NAVWEPS  OD  18413A  Human  Factors  Design  Standards  for  the  Fleet  Ballistic 

Missile  Weapon  System 

AIR  FORCE  PUBLICATIONS 

Manuals 

AFM  127-201  Missile  Safety  Handbook 

?Froin  MTL^Tf D ■  1472 A ,  IS  May,  1970 


MR!)-! 


Specifications 
Ml  L-M- 180 1213 


Markings  for  Aircrew  Station  Displays  and  Design  Config¬ 
uration  of,  2c  July  1964 


Technical  Documentary  Reports 
WADDTR  58-474 


RADC  TDR-63-3 1 5 


The  Effect  of  Team  Size  and  Intemiember  Communication 
on  Decision-Making  Performance  (AD  215  621 ) 

Criteria  for  Group  Display  Chains  for  the  1962-1965  Time 
Period  (AD  283  390) 


FDL,  TDR  64-86 


Investigation  of  Aerospace  Vehicle  Crew  Station  Criteria 
(AD  452  187) 


Air  Force  Systems  Command  Design  Handbooks 

Copies  of  Air  Force  Systems  C ::  nmand  design  criteria  handbooks  may  be  obtained  by  non¬ 
governmental  organizations  when  con.-ui.c,  .s.  therewith  is  requited  by  a  Government  contract,  or  when 
possession  of  the  handbook  will  otherwise  benefit  the  Government.  Requests  for  the  following  hand¬ 
books  should  be  directed  to  ASD/ASNPS,  Wright-Patterson  AFB,  Ohio  45433: 


AFSC  DM  1-1 


General  Index  and  Reference 


AFSC  DII  1-3 


AFSC  DM  1-6 


Personnel  Subsystems 
System  Safety 


AFSC  DH  2-2 


AFSC  DH  2-6 


Crew  Stations  and  Passenger  Accommodations 
Ground  Equipment  and  Facilities 


C  opies  of  the  following  standards  can  be  obtained  at  a  nominal  cost  from  the  ANSI.  1 440 
Bioadvvay,  New  York,  New  York  10018. 

A 1 1 . 1  Practice  for  Industrial  Lighting 

Cl  National  Electrical  Code  (NFPA  70) 

C’2  National  Electrical  Safety  Code  (NBS  H30) 

Z35.1  Specifications  for  Industrial  Accident  Prevention  Signs 
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APPENDIX  A 


SIT  -  IATIONAL  AND  ENVIRONMENTAL  EFFECTS  ON 
VISION  AMD  DISPLAY  VIEWING.  WITH  DESIGN  IMPLICATIONS 

The  folio  win”  appendix  is  an  attempt  to  bring  together  information  from  diverse  sources  for 
reference  use  by  those  limed  with  the  problem  of  establishing  display  resolution  requirements.  Two 
major  areas  are  coveted:  environmental  effects  IV01.1  the  operational  situation  are  reviewed,  then 
total  display  system  const  cations  are  examined  to  allow  assessment  of  summed  effect  on  display 
operational  needs. 

Such  reference  material  can  never  bo  complete  since  new  studies  are  continuing  to  reveal  useful 
relationships.  Putin.  studies  '  this  area  may  require  updating  of  material  to  facilitate  systematic 
determination  of  display  requirements  for  each  application. 

Wita-  display  resolution  must  he  .mule  available  far  the  operate:  in  a  particular  operational 
situation?  This  sort  of  qucsl’c.i  nri.-.es  frequently  'tin!  is  never  easy  to  answer  in  simple  terms.  Natu- 
tally,  it  raises  couniv  questions  as  to  what  the  total  display-operator  environment  will  be  and  how  it 
will  aff’et  visual  acuity  >r.  teralionally  oieasun  J.  Effect-  of  vibration,  acceleratioe.  oxygen  level, 
general  illumination,  display  brightness  and  contras'  etc.,  au  touched  on  in  the  loliowiug  sections 
but  overall  cumulative  el  loots  can  only  be  estimated  for  each  operational  situation  as  it  is  defined. 

Extensive  quotation  Item  useful  reference  some  s  is  included  sine  ■  they  already  represent 
concise  review  material  and  pat aphrasing  would  not  enhance  their  presentation. 

V'BRATION 

Fite  curve  in  figure  A-l.  from  Morgan  et  id.*  shows  the  smallest  Lamlolt-ring  gap  the  eye  can 
detect  for  different  hackgrotmd  brightness.  As  the  amount  of  light  is  increased,  the  eye  can  detec. 
smaller  and  smaller  gaps.  As  a  rule  of  thumb,  the  eye  can  detect  a  gap  of  I  minute  of  visual  angle  at 
ordinary  indoor  light  levels.  (This  assumes  normal  eyesight  and  high  brightness  contrast.  It  does  not 
apply  to  white  on  black  targets,  white  tends  to  blur. 

Mean  decrements  of  visual  acuity  of  I  2  subjects  durit:  mica!  ..inusoidal  vibration  (sitting, 
restrained,  without  padding,  in  an  airplane  seat)  are  showi.  in  figure  A  1  (fre  .1  Lange  and  Cocrmann** 
Below  1  2  c/s  decrements  were  mainly  due  to  physiological  stress  pi'ulueed  in  the  body  (especially  in 
areas  of  resonance  ol  whole  body  and  organ  complexes),  am.  above  I  2  c/s  decrements  were  mainly 
due  to  image  displacement  on  the  retina  which  had  an  increasingly  bln1  ring  ell  -et. 

I) fa 7.1 1.  ( i‘/62)  investigated  the  legibifty  of  pointers  on  dials  during  constant-amplitude  vi¬ 
bration  of 'he  test  material  at  Irequet.ci.'s  down  to  less  than  I  c/s.  He  found  that  legibility  was  most 
adversely  affected  'tween  2  and  4  c  w  depending  upon  the  angular-displacement  amplitude  (fig.  A-3). 
Below  2  c/s.  i lie  eye  can  follow  the  vincating  object  quite  efficiently,  so  that  the  dial  can  be  read  con¬ 
tinuously,  At  high  frequ .  ncies  if  <  c/s  ami  above  the  cl  In  I  legibility  is  again  good,  because  tlu*  subject 
can  form  a  steady  impiv  ;  ion  ol  the  dial  by  fixating  one  of  the  nodal  or  maximum  displacement  posi¬ 
tions  of  the  target. 


‘Morgan.  C.  !  et  al  (Ini.;.  l.tiuiiieentif;  (, 'oUlc  to  l-iquip'iwni  l)rsii;ir.  .\io((iaivl!ill.  I 

'"Tange.  K.O.,  ami  (  inrinaim.  TIL.  “Visaal  Acidly  I'mlct  Vih, ; iiiun.' "  Human  I'm- tors.  vol  ,V  no.  s.  .'ui-.tOO, 
Telohct  1%’’. 

***1(1’ fete  need  in  (Allies.  J  A.(lii).  A  Textbook  Avuttiff  ;7nv>>/oer  JYumiucii  I’wss.  i  ‘-'.S 


MEAN  DECREMENT  &  STANDARD  DEVIATION  [%> 


0.2  I _ I _ _J _ I _ I - 1 - 1 - 1  0.2 

-3-2-1  0  1  2  3  4 

BACKGROUND  Bf.lGi-ITNESS  (LOG  mL) 

Figure  A- 1 
Visual  Acuity 


2 


J _ LJ.JLI.iJ _ I.  _  1 

0  10  20 

CONTRAST  RATIO  (%) 


Figure  A-2 

Effects  of  Vibration  on  Visual  Acuity 
A- 2 
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Figure  A-3 

Variation  of  Large  Dial  Reading  Errors  (Greater  Than  0.5  Stale  Division) 
With  Frequency  and  Amplitude  of  Sinusoid.*!’  Dial  Vibration 
(Drazin,  1962) 


Dial  legibility  during  vi'vulion  in  the  intermedia**  :i  ■  icy  rang'*  around  3  c/s  is  poor,  because 
the  oscillation  of  the  target  is  too  fast  for  the  eye  to  •es*  infrequent  to  produce  nodal  images 

which  car.  comfortably  be  fused  by  the  subject,  l.ogib  ‘.  u  Violation  depends  considerably  upon 
tlu  conditions  of  illumination,  reading  di  lance,  a  of  the  dial  marks  and  pointer. 

The  curves  shown  in  figure  A-4  (from  .  .r..  for  o:  lie  rent  groups  viewing  Landolt 

rings  amid  circles  moved  across  a  display  area  at  various  speeds.  I  hey  show  that  visual  acuity  deter¬ 
iorates  with  increased  angular  velocity.  This  is  significant  in  decisions  on  whether  to  use  a  rolling 
display  versus  successive  fixed  frames  in  any  particular  sensor  display  application. 


‘T.ricksnn,  R.  A..  I  'Am//  Dcteiiimi  nj  Targets:  Analysis  and  Review,  NAVVVFPS  ■  i  Jin  I  7  IJ.S.  Naval  Ordnance 
Test  Station,  t  lima  Lake.  Calilo.  uia.  Iclnnmy  l%S. 
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Figure  A-4 

Visual  Acuity  as  a  Function  of  Angular  Velocity 
(Targets  on  Display) 


ACCELERATION 

“In  a  series  of  studies  on  the  relation  between  visual  acuity  and  acceleration  (White  and  Jorve, 
1956*),  it  was  found  that  visual  acuity  decreases  progressively  as  the  magnitude  of  the  accelerative 
force  is  increased  above  1  g,  regardless  of  body  position  (fig.  A-5).  This  suggests  that  cardiovascular 
effects  are  minimal,  and  the  loss  in  acuity  is  attributed  to  displacement  of  the  lens  of  the  eye  in  the 
direction  of  the  acceleration  vector.”** 

The  curves  in  figure  A-(>  (from  Brown***)  are  averages  bom  reaction  time  measures  (button 
push-OP  light  signal  —  no  hand  or  arm  movement  reu Hired)  during  last  half  of  10-second  periods  with 
differing  g  forces.  Reaction  time  increased  significantly.  Effects  were  quicker  for  low  illumination. 
For  higher  acceleration  levels,  dimming  of  vision  was  reported. 


“White.  W.  .1.,  and  Jorve  W.  it.,  The  liffects  of  Gravitational  Stress  Upon  Visual  Acuity,  WA1X'  Tccl.  Report  56-247, 
Wriglc  Air  Development  Center,  Wrighi-Pattcrxon  AFB,  Ohio.  1656 
**Iixcerptcd,  with  in.no:  changes,  horn  White.  W  ,h,  and  Monty.  R.  A  .  "Vision  and  Unusual  Gravitational  Forces,” 
Human  Factors,  voi.  V,  no.  3,  June  1663. 

***Brown,  J.  L.,  “Acceleration  and  Ihiniau  Performance,”  in  S-lectnl  Papers  on  Human  Factors  in  the  Design  and  Use 
of  Control  Systems,  II.  W.  Sinaicko  (lid),  Dover  Publications,  1661 . 
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Figure  A-5 

Binocular  Visual  Acuity  as  a  Function  of  Acceleration 
(White  and  Jorve.  1956) 
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Figure  A -6 

Visual  Reaction  Time  and  Acceleration  (Positive) 
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"White  ( l°oO)*  utilized  a  Hecht  adaptonietcr  to  study  changes  in  the  abso'ule  threshold,  at¬ 
tributable  to  positive  acceleration.  The  results  have  been  summarized  in  ‘igures  A-7  anil  A-fc.  Figure 
A -7  shows  that  foveal  threshold  measurements  made  while  the  subject  was  riding  at  3  g  are  almost 
double  chose  at  I  g.  At  4  g,  threshold  had  risen  to  a  level  where  the  intensity  of  die  stimulus  light 
had  to  be  increased  3.4  times  to  be  seen  at  the  30  percent  probability  level.  Measurements  made  in 
the  periphery  of  the  retina  showed  similar  changes  with  acceleration,  differing  only  in  'he  final  level. 
For  example,  the  rise  in  threshold  at  3.  g  was  !  .5;  at  3  g.  die  factor  was  3.0;  and  at  4  g,  the  factor 
v  as  four  times  the  1  g  value. 
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Figure  A,- 7 

Foveal  Thresholds  as  a  Function  of  Acceleration 
(White.  I960) 
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Peripheral  Tlircshuld  a  Function  oT  Acceleration 
F  t.ie  I960) 

*  While,  W.  J.,  Variations  in  Ahsolitc  Visual  Tines  Dt-rme  4  eeeleraiiee  Stress,  WAiiC  Tech  Report  60-34.  WAIX’ 
Wnglit-J’attcison  AFB.Ohio,  ll'(>0 
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"White  ( i%l  )*  stuced  the  effects  < >  1 'positive  acceleration  on  the  relation  belwov-.  visual 
acuity  ami  luminance  level.  Threshold  was  measures  in  terms  ol  visual  angle.  It  ea,i  be  seen  in  figure 
A that  there  was  an  interaction  between  .he  eflects  oi'  i*.  ami  the  luminance  level.  In  o'her  words, 
the  expected  decrease  in  threshohi  with  increasing  luniinauee  level  was  found  i->  he  a  function  ol  1 
level.  Thus  a  i  0  01  ml.,  the  minimum  ingle  i. ’creased  from  4'  of  are  ;il  I  a  to  o  T  are  at  4  g 

At  I  50  ml.,  the  change  in  visual  angle  was  this*  of  are  between  these  two  values  of  acceleration.  I  he 
curves  drawn  on  the  graph  represent  the  best  fit  to  the  1  g  data.  The  curve  has  been  transposed  f* 
the  right  to  lit  the  da  in  obtained  at  ‘lie  4  and  4  «  levels.  It  is  possible  io  ;h  hik  ol  the  el  I  eels  oi  as  e'- 
eration  ;is  being  ci|uivaleni  to  pulling  an  optica!  fiber  befoc  tb.e  pilot's  eye  .  '  4  g.  for  c  sample, 
die  decrease  in  sensitivity  is  almost  •< | n i'  deni  to  reducing  illun'ination  by  ui<-  logarithmic  unit 


POSITIVE  Cl  WITH  ANTI  GSU'T 


—  ^  s..:r.r^y  w.-  .to.  .  -  1.-  ~ 

r,,!)ni  noi  o.i  i  io  io.)  moo 
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Figure  A-9 

Visual  Acuity  Ifecremeni  as  a  Function  of  Target 
Luminance  and  Acceleration  (White,  19G1) 


Lillies  1 1%5 )  presents  a  discussion  on  the  effects  of  acceleration  on  vision.  I  le  include.,  liiiure 
A-iO  and  A  I  I  showing  the  onset  oi  ‘'grey-out"  with  positive  g  forces.  Figure  A- 1.1  shows  the  Iasi 
l  foveal  >  aiea  of  vision  'vfor.>  blackout. 

The  following  '•oininents  arc  If  a  )  this  reference: 

"Iheie  is  t  lag  ol  5  b  see  between  the  application  of  the  acceleration  and  the  development  of 
signs  ol  i m | hi i  reii  .unity.  I  his  'clear  period .  to  which  rcieicncc  will  again  be  made  later,  strongly 
suggests  ,i  vascular  origin.  It  i .  not  'iiireasonabie  io  suppose  that  eapillarv  ves.eb  ol  a  similar  si/e  are 


'While.  \V  .1  .  "  I  lit-  I  1 1  -i  l  >1  Vi  c.-i  i  ill  ui  ■••!  il:  -  Kel.iii.'ii  lu  lurvn  Visual  V.ouv  aid  I  iiiuiuaiice  I  evcl."  .  I<  fm/’i/i  c 
\l,n'irW‘.  ?J,  Js  (  Ahsl  i.k  1 1.  ion, 

"I  ii  mi  V\  1 1 1 1 .  -  a  i  ui  Mi  ail  v  t  I  ui.  t  g 
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Figure  A- 13 

Time  to  Extinction  as  a  Function  of  G  - 
Target  Brightness  0-6  Log  Units 
Above  Absolute  Threshold 


accelerations  far  below  the  accepted  blackout  threshold,  is  it  possible  that,  by  increasing  the  brightness 
of  tile  central  light,  blackout  may  be  delayed?  And  again,  can  Lite  ‘clear  period'  he  interpreted  as  a 
true  physiological  reser'e  time? 

“The  observation  by  Howard  and  Byford*  that  a  disturbance  of  central  vision  for  a  dim  target 
could  be  shown  at  very  low  accelerations  suggested  that  there  might  be  degrees  of  blackout.  It  was 
thought  that  a  very  bright  light  might  be  seen  by  a  subject  who  was  blacked  out  to  a  normal  level  of 
illumination.  On  the  other  hand,  the  fact  that  blood  flow  through  the  eye  ceases  at  blackout  sug¬ 
gested  that  no  signal,  however  large,  would  be  percered  by  an  anaemic  retina.  Steward*  had  noticed 
in  aircraft  experiments  that  even  when  tie  had  lost  central  vision  for  a  target  light  wl.hin  the  cockpit 
lie  was  still  conscious  of  a  change  in  ambient  brightness  when  tin  aircraft  turned  into  the  sun. 

“A  series  of  experiments  on  the  centrifuge,  using  various  levels  of  acceleration  between  black¬ 
out  and  unconsciousness,  showed  that  a  flash  of  light,  piovided  that  ii  was  bright  enough,  could  be 
seen  by  the  subject  however  deep  bis  state  of  blackout  might  be.  No  detail  was  discernible  in  the 
flash;  the  subject  was  merely  aware  of  a  sudden  diffuse  brightening  of  his  visual  field,  which  was  at 
that  time  usually  dotted  with  the  ‘retinal  light’  characteristic  M'  pressure  blindness  and  of  deep  hhn  com. 

“These  findings  allowed  that  retinal  function  persists  to  some  extent  even  alter  normal  vision 
has  been  iost,  and  they  are  supported  by  Lewis  and  Duane*  who  recorded  the  elect  roretinogram  at 
various  levels  of  acceleration  up  to  and  including  blackout  and  found  that,  although  there  were  minor 
variations  in  the  form  of  the  retinogram,  no  marked  or  constant  change  occurred  with  blackout. " 


^Referenced  in  Gillies  (1965). 


A-  i  0 


(iillios  oilers  little  quantitative  Jala  on  ilk  effects  of  negate  .■  g  forces  <>n  vision: 

"loss  t>(  consciousness  caused  liy  negative  acceleration  only  occurs  apparently  when  the  stress 
exceeds  .1  g,  and  then  only  alter  the  lapse  of  a  considerable  lime.  At  greater  accelerations,  punctate 
haeinmorhages.  pctcchiac,  or  frank  bleeding  into  the  soft  tissues  of  the  head,  or  into  the  orbit  and 
conjunctiva,  precede  the  collapse,  and  although  they  may  be  haimless  enough,  they  arc  an  unaccept¬ 
able  penalty  in  the  measurements  of  an  end-point. 

“  ‘Red-out.’  or  the  ‘red  mist,'  is  a  symptom  analogous  to  ‘blackout.’  but  it  is  as  inconsistent  as 
all  die  oilier  visual  disturbances  which  have  been  recorded  tinting  negative  acceleration,  loom  the 
descriptions  given  by  various  subjects,  the  time  course  of  the  impairment  id' vision  is  similar  to  that 
seen  during  positive  g.  Indistinctness  or  blurring  is  followed  by  grey-out.  in  which  (here  is  a  uniform 
loss  of  fine  detail  and  contrast.  At  a  later  si  age  vision  disappears  entirely,  and  it  is  in  this  phase  that 
'red-out'  sometimes  appears.  In  many  subjects,  however,  the  impairment  of  vision  does  not  progress 
beyoii  I  the  initial  blurting,  although  a  proportion  report  diplopr  at  the  big  ter  acee'erations.  and  a 
few  have  remarked  that  bright  objects  seem  to  develop  a  bale  01  sin  totmding  ring  of  light. 

“The  details ,1  phvsioiogy  of  these  symptoms  ha  ,  ne'er  been  studied.  I!  is  probable  that  the 
cause  of  the  grey-out  is  me  same  in  both  positive  and  negative  accelerations;  that  is,  a  minimal  .nter- 
ferenee  with  the  blood  supply  to  the  entire  re'ina  and.  especially  to  its  peripheral  parts.  The  incon¬ 
stancy  of  complete  loss  of  vision  makes  this  explanation  less  likely .  and  there  is  no  obvious  reason 
why  the  retinal  blood  supply  should  fail  completely  in  negative  g.  While  :t  will  certainly  do  so  if  the 
asystole  which  commonly  occurs  is  unusually  prolonged,  in  that  ease  consciousness  and  vision  will  be 
lost  together.  A  more  likely  reason  for  the  'oss  of  vision  is  the  mechanical  occlusion  of  the  eye  by  the 
lower  lid  gravitating  up  over  the  cornea,  in  favor  of  this  view  are  the  observations  of  Ryan  el  a"1  who 
noted  that  die  loss  of  vision  could  be  alleviated  in  most  of  ilieu  subjects  by  a  dcliher-tc  effort  to  keep 
the  eyes  wide  open.  It  is  also  significant  that,  although  this  form  ol  blackout  has  been  reported  both 
in  centrifuges  and  in  aircraft,  red-otu  has  never  been  reliably  reported  in  th  .•  centrifuge.  This  led 
Lombard  el  al*  to  suggest  that  sunligh*  shining  through  the  !•  vver  lid  which  covered  the  eye  in  i his 
way  might  have  the  same  effect  as  placing  a  frosted  red  filler  over  the  a  niea,  thus  giving  rise  to  the 
sensation  ol  ‘red-out.'  A  few  experiments  in  which  the  list  was  deliberate I.  allowed  to  creep  upwards 
during  negative  g.  alter  w  hich  a  photographic  flash-bull)  was  fired  at  the  eye.  support  this  theory 
(Howard)*.  It  ha-,  also  been  suggested  that  the  red  visual  held  observed  at  higher  accelerations  may 
be  line  to  staining  of  the  lacrimal  fit.  .1  with  blood  bom  li.c  luplmed  conjii.ctival  vessels  (Henry ).* 

“The  appearance  of  a  halo  around  bright -y-lit  •bn.cts  is  a  svmpt  .  m  which  sometimes  occurs 
in  eases  ol  glaucoma  and  seve.e  hypertension.  lb-  mtr -ocular  pressure  is  almost  certainly  increased 
during  uegauve  acceleration  and  there  is  also  eonstdeublc  local  hypertension  at  me  !  -vel  ol  the  eye. 

It  is  possible  that  the  cause  of  the  liare  is  Hi  -  same  in  the  experimental  situation  as  in  the  clinical 
case.  On  the  other  hand,  a  similar  di- dirham e  ol  vision  t  ikes  place  when  the  eyes  are  full  of  (eats, 
and  laehrymation  is  a  common  complaint  of  subjects  exposed  to  negative  g  "' 

White  (  I  b(>0,  has  explored  the  effects  o{  two  liitleivnt  type-  o!  a.  .tig  suits  on  visual  thres¬ 
holds.  In  the  full  pressuie  hill-suit.  the  entire  lower  half  ol  the  body  is  encased  m  a  pneumatic 
bladder  which  produces  an  even  coimlerpiessurc  w  hen  uillutrd.  I  it.-  otln-i  si: ; t .  ilie  ('SU-.VP.  gives 
protection  by  applying  pressure  over  five  locations  in  the  legs  and  abdomen.  It  can  be  seen  in 
figure  A- 1  4  that  I  he  rise  in  peripheral  threshold  brouglj  about  by  increased  acceiemtioi;  In.  in  part, 
compensated  Tr. 
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“in  a  study  of  the  ability  of  pilots  to  read  aircraft  instrument  dials  at  positive  accelerations  of 
1 ,  2,  3,  and  4  g,  White  ( i9G2)**  and  White  and  Riley  ( 1950***  included  illumination  level  as  a  para¬ 
meter.  An  instrumen*  panel  consisting  of  id  dials  was  presented  to  the  subjects.  Performance  in  read¬ 
ing  die  dials  was  scored  in  terms  of  number  of  errors  made  and  time  taken  to  read  the  dials.  The  per¬ 
cent  of  rce  '.mgs  in  error  as  a  function  of  g  and  luminance  love,  are  summarized  in  figure  A- 15.  The 
data  indicate,  that  (T,  :  '  the  highest  luminance  level  there  are  no  differences  in  the  percentage  of  errors 
among  the  four  acceleration  conditions,  (2.1  at  the  three  highest  levels,  for  values  up  to  3  g,  there  are 
no  significant  differences  in  the  percentage  of  reading  errors.  (3 )  ai  the  tw'o  lower  luminance  levels, 
errors  are  inversely  related  to  luminance  and  directly  relates  to  acceleration,  (4)  at  the  4  g  condition, 
there  is  a  systematic  increase  in  errors  with  decreasing  brightness,  and  (S)  the  2  g  level  of  acceleration 
cannot  be  distinguished  from  the  1  g  or  static  condition.  Reading  time  varied  in  a  similar  way.”**** 


'Referenced  in  Gillies  ( 1 965 }. 

**\Vliito  (!“62). 

***Wlrit<\  W.  .1.,  and  Riley,  M.  B  ,  The  i’f/ccis  ot Positive  Aeeeleratii »i  on  the  Relation  lietween  Illumination  and 
Iwiltwtient  Readme.,  VMX'  Tech  Repoil  5S-.-.13.  WADC.  Wright -Patterson.  A!-B  ()!uo  1658 
White  aiui  Monty  ( I'Ri.l). 
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LUMINANCE  LEVELS 
X  0.004  inL 

*  0.042  mt 
A  0.42  ill  L 

■  4.2  mL  POSITIVE  C. 

•  42  mL 


ACCELERATION  (Ci  UNITS) 

Figure  A- 1 5 

Dial  Reading  llrrors  as  a  Funecion  of  Acceleration 
at  Various  Luminance  Levels  (White,  1  *)6.1  )* 


ANOXIA 

Ciillies  ( presents  a  discussion  on  ilie  effects  o*‘ amnia  on  vision: 

“Doikening  of  the  visual  field  is  a  connnon  feature  of  .no>ia,  although  generally  the  subject  is 
unaware  of  the  change  until  a  norma!  level  of  oxygenation  is  lestored  when  there  is  then  an  apparent 
rise  in  the  lent  of  the  illumination  of  the  mv ironmeni.  Measurements  of  the  retinal  sensitivity  in 
relatively  bright  light  (photopie  vision)  have  shown  that  no  significant  reduction  hr  sensitivity  occurs 
with  mild  degrees  of  anoxia,  but  it  is  decn.as<  d  ia  subjects  breathing  air  at  above  !  K.000  ft  the 
reduction  being  pronurtional  to  the  degice  of  anoxia.  By  eontiast.  there  is  the  significant  impairment 
of  night  vision  (seolopie  vision)  produced  by  a  very  mi!  I  degree  of  anoxia,  which  effectively  raises 
the  threshold  of  absolute  sensitivity  f  >r  the  fully  dark-adapted  eye.  t  von  at  a  simulated  altitude  of 
?,40(i  ft,  McFarland  and  Ivans  ■*  iouiul  ti:  il  the  brightness  of  a  tiuvshold  test  light  had  to  be  increased 

*V,hiU\  W.  .!..  "Q(.  m: Hah. i  ■  n  mi  ni  i'  ■..  ling  .is  Piinct ion  of  llhcnm.ttinn  and  (h.ivilaiional  Stress  ”  Journal  <>l 
/■.'/igiMcciY/i.i;  i  Ih \e'  ?  1  ' !l,('.t. 

"•'Reii'ieiiced  in  utilics  ( !  h  , 


by  one-fourth  so  as  to  be  stili  visible  and  that  at  15,000  ft  its  intensity  had  to  be  increased  by  1V>  to  2 
times.  In  aviation,  the  practical  importance  of  the  sensitivity  of  night  vision  to  mild  anoxia  is  em¬ 
phasized  by  the  experiments  conducted  by  Goldie.*  He  determined  the  decrease  in  range  of  night 
vision  produced  by  breathing  air  at  various  altitudes.  His  results,  expressed  in  terms  of  reduction  of 
pick-up  ranges,  are  presented  in  table  A-l. 


TABLE  A-l 

DECREASE  IN  RANGE  OF  NIGHT  VISION 
AS  A  FUNCTION  OF  ALTITUDE 


ALTITUDE 

(FT) 

AVERAGE  PERCENTAGE  DECREASE  IN 
NIGHT  VISION 

4000 

5 

6000 

10 

8000 

15 

10,000 

20 

12.000 

25 

14,000 

35 

16,000 

40 

“The  visual  Helds  are  restricted  in  moderate  and  severe  anoxia.  Anoxia  induced  by  breathing 
air  at  20.000  ft  results  in  loss  of  peripheral  vision  foi  oth  form  onu  color  and  also  causes  enlarge  ¬ 
ment  of  the  blind  spot  and  development  of  a  central  scotoma.  These  effects  increase  with  increasing 
anoxia  until  blindness.” 


^Referenced  in  Gillies  (1962). 
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APPENDIX  B 

VISUAL  ACUITY  AND  CONTRAST  EFFECTS  - 
DISPLAY  SYSTEM  CONSIDERATIONS 

VISUAL  ACUITY  AND  CONTRAST* 

The  detail  discrimination  threshold  of  the  human  eye.  i.e..  visual  acuity,  has  been  investigated 
exhaustively.  Various  types  of  acuity  such  as  minimum  detectable,  minimum  separable,  vernier,  and 
stereo  have  been  defined.  Minimum  separable  visual  acuity  applies  in  the  case  of  shape  recognition 
where,  generally,  closely  spaced  image  details  must  be  discerned,  it  is  known  to  vary  as  a  function  of 
adaptation  level,  Image  brightness,  contrast,  e'  posure  time,  image  motion,  vibrations,  spectral  charac¬ 
teristics,  angular  position  of  the  target  relative  to  the  line  of  sight,  etc.  Visual  acuity  is  defined  in 
terms  of  arbitrary  regular  t  st  patterns  with  generally  sharp  edges,  although  some  studies  have  been 
conducted  with  sine  wave  patterns. 

Discrimination  of  imagery  delaiis  differs  from  visual  acuity  measurements  in  that  it  requires 
detection  of  discontinuities  characterized  by  diffuse  edges  and  irregular  intensity  distributions.  The 
published  acuity  data  are  statistics  representing  specified  performance  levels  (usually  50.;  detection 
probability).  Thus,  they  provide  information  in  a  probabilistic  rather  than  in  a  deterministic  sense. 
Therefore,  in  any  specific  instance,  visual  pet  .o nuance  may  fall  far  short,  or  exceed,  predictions 
based  on  ,.ublisheci  data.  In  general,  standard  visual  acuity  data  are  modified  by  field  factors  to  ob¬ 
tain  realistic  operator  performance  estimates  under  operational  conditions.  Unmodified  data  can  be 
used  to  establish  average  expected  limits  of  performance  under  ideal  conditions. 

A  minimum  contrast  tmvshold  visual  acuity  curve,  taken  from  A.  S,  I’atc!*’8,  is  plotted  in  fig¬ 
ure  B-i.  These  data  arc  fora  sine  wave  test  pattern  with  an  average  luminance  of  100  ft-iamberts  and 
viewed  at  -0  inches.  This  curve  neglects  image  motion.  exposure  time,  wave  ienglii.  and  vibration  ef¬ 
fects.  The  visual  acuity  curve  sets  the  lovvei  limit  on  useful  system  contrast.  In  order  to  be  visually 
discernible,  an  image  detail  must  exceed  the  threshold  contrast  of  figure  B-I.  The  resolving  power  of 
a  sensor/displav  system  is  matched  to  visual  acuity  lot  a  specified  viewing  distance  at  the  point  where 
the  modulation  transfer  I  miction  (Mi  I  )  ot  the  system  crosses  the  corresponding  visual  acuity  cc  it  fast 
threshold. 

The  use  of  the  display  modulation  transfer  function  and  the  visual  acuity  contrast  threshold 
to  compare  two  alternative  display  systems  is  best  shown  by  means  of  an  example.  I.e‘.  us  compare  a 
5-inch  direct  view  storage  tube  1  l)VS  1 1  with  a  scan  converter  lithe  (SCT)/ 1 0-inch  cathode  ray  tube 
(CRT)  system.  Suppost  the  UVST  bail  a  shrinking  raster  resolution  of  I  20  lines  per  inch,  and  the  dis¬ 
play  consisted  of  a  3-inch  square  format.  The  resuitant  MTI  curve  for  this  display  is  shown  in  figure 
li-2.  The  visual  ai  .litv  contrast  threshold  is  also  shown  in  figure  B-2  for  a  20-inch  v  jewing  distance. 
The  maximum  usable  resolution  is  500  I  V  lines  where  the  two  curves  iuterseit. 


If  we  assume  the  SC  I  lias  2.000  limiting  TV  lines  per  diameter  and  an  inscribed  square  format 
is  used,  the  resultant  M  i  l-  for  the  scan  converter  is  shown  in  figure  B-5.  I  he  M  IT  lor  'lie  CR  T  shown 
ill  fjguir  B-5  assumes  a  n-incli  square  display  format  and  !  20  shrinking  rnstei  lines  per  inch.  The  two 
M  i  l7  curves  ate  muluplicd  together  to  provide  the  total  SCI  ;<  R  fsv  .tern  response  (the  video  band¬ 
width  is  assumed  not  to  be  a  limitin'-  taetor'.  Again,  the  visual  acuity  contrast  threshold  is  plotted  in 
figure  IS  3  lot  a  20-inch  viewing  distance.  In  this  ease.  t!i  •  maximum  usable  resolution  is'MOTV  lines 
where  the  two  cutves  intersect. 

‘I  Ins  sect  Min  ‘  hi  visual  .i<  uilv  a  lu!  contrast  is  excerpt  oil  I  mm  Slucimi.  ( i  It.  el  at.  r  Uulf:  Srn-ar  Dis/itavs. 
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Figure  \i  2 

iVhKhilaiion  Transfer  Function  and  Visual  Acuity 
Threshold  for  5-inch  Direct  View  Storage  Tube 
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Figure  h-.i 

Modulation  Transfer  Function  and  Visual  Acuity 
Threshold  for  SCT/CRT  Display  System 


DISPLAY  SYSTEM  CONSIDERATIONS 

Card*  lias  developed  the  notion  of  “definition”  of  a  to  reel  in  order  to  make  some  generalized 
inference  about  different  specific  i argot  types.  Il  is  defined  as  the  nuinhir  of  resolution  elements 
placed  along  (lie  major  axis  of  a  compact  impel.  A  sensor  system  with  a  ground  resolution  of  2  ft 
looking  at  a  tank  30  II  long  exhibits  a  definition  of  15.  From  studies  by  Jennings  el  al**  of  target 
idciitifiahility  at  various  levels  d' ground  resolution  for  various  types  of  aircraft,  vehicles,  weapons, 
etc.,  he  amessed  target  reporting  al  three  levels:  ( I )  recognition  (e  g.,  aircraft );  (2)  identification  (c.g., 
transport  aircraft);  and  (3)  modified  identification  (c.g..  (  -54).  lie  then  plotted  percent  correct  de¬ 
scriptions  al  the  three  levels  against  definition  and  deliver! chart  which  tentatively  indicates  the  rela¬ 
tionship  hot  ween  definition  and  prol.dilitv  of  recognition  and  identification  ( fig.  15-4 ). 

Me  hypothesizes  that  curves  lot  radar  imagery  would  be  similar  but  displaced  somewhat  to  the 
leh  since  photographs  •  ed  little  transformation  for  recognition  hut  radar  imagery  needs  to  be  inter¬ 
preted. 

Card  discusses  the  relationship  of  resolution  and  scale.  From  Kennel  el  al***.  lie  presents  figure 
13-5  which  shows  that  a  given  scale  is  useful  up  to  the  point  ‘where  with  that  scale  the  displayed  reso¬ 
lution  dements  become  much  larger  than  the  acni  limds  of  the  eye.  When  the  eye  can  resolve  to 
the  limit  of  the  rest  of  the  system  it  does  no  good  to  make  tin.  image  larger  by  expanding  the  .-.calc  " 

He  indicates  Kennel  el  al  recommend,  as  a  generally  desirable  scale,  about  750  times  the  resolution 
lor  displays  viewed  from  about  I  2- 1 X  inches  with  the  unaided  eye.  Figure  K-(>  shows  caleula led  rela¬ 
tionships  among  display  si/.c.  viewing  distance,  and  resolution. 
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BASED  ON  OJSUivlED  VISUAL 
RESOLUTION  LIMIT  OF  2  MIN  OF  ARC 
(RASTER  LINE  PiTCH  2  MIN') 


VIEW.NG  DISTANCE  (IN.)  36/24/lft/i; 


..J ! 1  l/l  1/11  V.  /  I _ I — I — i — 1.  _L!_l  J _ _J _ I I 

100  1000 
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Figure  B-6 

Required  Display  Size 


RESOLUTION* 

Several  different  techniques  exist  Tor  measuring  ;nul  speeilying  resolution.  These  can  result  in 
widely  ililTerenl  lesolulion  numbers  lor  the  same  device.  The  easvadinjt  of  several  devices  in  series 
such  as  ,i  scan  converter  lube,  video  amplifier,  anil  cathode  ra\  lube  creates  additional  complexities  in 
specifying:  or  predicting  a  total  system  resolution,  especially  when  the  resolutions  of  tin  'iulividu;il 
devices  are  specified  differently.  Therefore  a  standard  for  comparing  and  combining  resolutions  of 
alternate  devices  must  he  established.  This  resolution  standard  may  he  arbitrarily  selected  but  should 
be  meaningful  in  application  to  sensor  displays  anil  should  be  eapab'o  ol  consistent  mcasurt  mem . 

The  tin c c  major  resolution  measurements  for  display  devices  tire  shrinking  raster,  limiting  television 
response,  and  spalia'  frequency  response  or  modulation  I  muster  Inaction  (Mil  ). 

Shrinking  Raster  Resolution 

Shrinking  raster  resolution  is  determined  by  willing  a  raster  of  equally  spaced  lines  on  the  dis¬ 
play  and  reducing  or  shrinking'  the  raster  line  spacing  until  the  lines  arc  just  on  the  verge  of  blending 
together  to  form  an  indistinguishable  bin r.  A  trained  observer  normally  determines  this  flat  lield 
condition  at  about  two  to  live  percent  peak-to-peak  light  intensity  variation.  Since  the  energy  dis¬ 
tribution  in  a  <  R  I  spot  is  very  nearly  gaussiau.  the  flat  field  response  factor  occurs  at  a  line  spacing 
of  approximately  du.  where  o  is  the  spot  radius  at  the  Ob  percent  amplitude  ol  the  spot  intensity 
distribution. 


^S! i iciiin  tt  at  ( IWi7)  have  also  wi  it  Ini  a  u set  ill  di  .ciismoii  on  (lie  applicalion  ol  icsnlnlion  anil  visn.il  aeuil  v  nieasiui's 
in  ik'lmii  mini:  ilisplav  icq1  me  men  Is  ll  is  presen  led  in  l  Ins  sect  ion.  Again  l  lie  malci  sal  is  qm  ited  itiive  lb.  e:.i  epl  I  m 
minor  changes 
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Television  Resolution 

A  television  wedge  pattern  measures  spot  size  by  determining  the  point  \ here  the  lines  of  the 
wedge  are  just  detectable.  The  number  of  T  V  lines  per  unit  distance  is  then  tlv-  in.unber  of  black  and 
white  lines  at  the  point  of  limiting  resolution.  The  wedge  pattern  is  equivalent  .o  a  square  v  <y e  modu¬ 
lation  function,  and  therefore  the  TV  resolution  is  often  referred  to  as  the  hunting  square  wave 
response  (One  needs  to  be  careful  to  remember  that,  in  television  parlance,  one  cycle  o*  the  square 
wave  produces  a  black  interval  and  a  white  interval  and  is  considered  as  two  television,  lines  )  Assum¬ 
ing  a  gaussian  spot  distribution,  the  limiting  square  wave  response  occurs  at  a  television  line  spacing 
of  1.18  a.  Thus,  there  are  approximately  1 .7  times  as  man y  limiting  television  lines  per  unit  distance 
as  shrinking  raster  lines  for  a  display  with  the  same  spot  size. 

Modulation  Transfer  Function 

The  sine  wave  response  technique  of  O.  H.  £ohade*  analyzes  the  display  resolution  by  the  use 
of  ?  sine  wave  test  signal,  rather  than  the  square  wave  signals  employed  in  a  TV  test  pattern  or  t lie 
photographic  patterns  commonly  employed  in  the  optical  field.  The  sine  wave  response  test  produ¬ 
ces  a  curve  of  response  called  the  modulation  transfer  function  (MTF).  This  is  shown  in  figure  B-7. 
When  several  devices  are  cascaded  such  as  a  scan  converter  :>ud  CRT,  the  MTF’s  of  the  individual 
devices  are  multiplied  together  to  profile  the  total  system  MTF.  This  capability  for  computing  the 
system  MTF  from  individual  device  MTF's  is  a  major  advantage  of  using  the  MTF  resolution  measure¬ 
ment.  Another  advantage  of  the  MTF  technique  is  the  graphic  capability  it  provides  for  determining 
the  visual  acuity  limit  of  a  given  display  system.  The  MTF  response  can  bo  related  to  the  other  "..'so¬ 
lution  measurements  vshrinking  raster  and  television)  if  a  gaussian  spot  shape  is  assumed  This  is  done 
in  figure  B-7.  For  example,  if  a  sine  wave  test  s'gr.al  were  set  on  the  display  at  a  half  cycle  spacing 
corresponding  to  the  shrinking  raster  resolution  line  spacing,  the  resultant  observable  modulation  on 
the  display  would  be  approximately  29  percent.  Table  B-!  can  be  used  to  convert  from  one  resolu¬ 
tion  measurement  to  another. 


iiaile,  ()  II..  "A  Method  of  Me.isiiiinj’  the' 'Optical  Sine-Wave  Spatial  Speed r in  of  T  eievision  Image  Display  Devices," 
Soiirl'-  <if  Mntimi  t’iruiiv u’lil  Tiit-vixiiin  rv.  Sepiemhei  |OS,s. 
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T.'IILE  B-! 

CONVERSION  TABLE  OF  VAR.O’JS  MFASURES  OF  DISPLAY  RESOLUTION' 


*i;"r  example,  to  convert  from  I  V  limiting  to  shrinking  raster  resolution,  multiply  by  0.5‘>. 
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APPENDIX  C 


DISPLAY  VIEWING  DYNAMICS 

In  Lite  system  design  process,  an  analyst  is  continually  I'acetl  with  the  problem  of  specifying 
display  parameters  and  determining  the  implication  of  particular  decisions.  An  example  is  provided 
by  the  question  of  how  long  it  will  take  for  an  observer  to  find  a  target  after  it  appears  on  a  display. 
The  answer  to  this  may  be  expected  to  vary  with  .he  vigilance  and  qualifications  ol  the  observer, 
figure-ground  contrast  conditions  for  t he  target,  resolution  of  the  display  system,  display  viewing 
environment  conditions,  and  the  total  situation  Yet,  in  mission  analysis  and  in  decisions  on  design 
requirements,  such  questions  legitimately  are  raised,  calling  for  some  sort  of  pragmatic  answer. 

This  appendix  is  a  discussion  ami  review  of  recent  literature  concerning  moans  of  finding  such  an 
answer. 


Emphasis  has  been  placed  noon  including  design  tools  with  a  brief  summary  of  related  infor¬ 
mation.  References  are  provided  to  ensure  ready  access  to  additional  details,  if  desired.  In  the  case 
o*'  review  at  .ides,  the  liberty  has  been  taken  to  quote  extensively  rather  than  paraphrase  a  well- 
written  summary. 

DISPLAY  SEARCH  TIME 


Simon*  point  ;  out  that,  theoretically. 


display  search  lintc  = 


display  area  ...  ..  ..... 

- — — : - ; - — -  X  appiox  time  lor  a  fixation 

est.  area  ol  a  fixation  (I  sc]  m.)  (()  <  . 


where: 


I  sq.  in.  -  about  5°  ot  arc  subtended  from  13  in.  viewing  distance 
0.3  sec  is  based  on  visual  search  study  dam 

for  a  ! 2  X  13  inch  display,  — —  X  0.3  -  33.3  sec  searen  time.  This  seems  high,  but  may  apply 
as  a  sort  of  limit.  It  assumes  the  targets  are  reasonably  recognizable  once  they  are  fixated. 

Time  Available 

Time  ol  image  on  display  is  related  to  ground  speed,  object  she,  display  si/.e,  and  scale  factor 
(ratio  ol  display  area  to  area  coveicd  by  sensor)  (see  table  ('•  I ). 

One  may  help  by  scanning  with  a  smailei  scale,  increasing  the  scale  factor  to  investigate  any 
potential  target  detected,  but  this  sacrifices  'wing  smaller  targets.  Also,  multisenso.  cues  may  indi¬ 
cate  a  target  which  would  not  have  been  found  bv  pattern  recognition  alone  (c.g.,  infiured  or  radar 
emanations ). 


S  'moil,  t  .  W„  '  1 1>  I  Pgr,  1’icloi ial  Into,  pivl.it  ion,"  in  I  isutil  I’rnhU  ms  i’l  the  Annul  li-recs.  Whit  comb.  A.  Mill  on 
( fid. ).  Nal  io-‘al  Academy  of  Sciences.  Nai  lonal  Kescaicli  (  ouncil.  Washington.  DC  IDnH  ( Al)  3~3  7(>3). 


TABLE Cl 

TIME  AND  SPACE  VALUES  RELATED  TO 
TARGET  SIZE  AND  EFFECTIVE  SCALE.  FACTORS 

Assume 

Display  size  =  12  X  12  in. 

Aircraft  ground  speed  =  500  ft/scc 


TARGET  SIZE  FOR  REPRESENTATIVE  TARGETS 


12.5  ft  ft  rack) 

25  ft 

(tracked  carrier 
&  missile) 

SO  ft 

(lighter  plane) 

100  ft 

(large  building) 

SCALE  FACTOR 
(20  min  visual  angle  at 

12  in.) 

1/2,125 

1/4,250 

1/8,500 

1/17,000 

WIDTH  TERRAIN 

STRIP  DISPLAYED 

(miles) 

0.35 

0.7 

1.4 

2.8 

MAXIMUM  STUDY  TIME 
PER  OBJECT  (sec) 

(at  500  ft/ sec) 

4.2* 

8.5 

17 

34 

Resolution 

In  it  study  by  Williams  et  al,**  subjects  were  to  find  airfields  in  photographs  of  varying  resolu¬ 
tions  corresponding  to  13,  26,  and  55  feet  on  the  ground.  As  one  measure,  the  time  for  correct  desig¬ 
nation  of  an  airfield  was  recorded.  When  nc.ie  was  located  after  60  sec,  a  score  of  70  sec  was  given. 
Median  times  for  12  subjects  receiving  six  trials  each  were  averaged.  The  means  of  the  medians  were 
its  follows. 


55-l't  resolution  -  45.8  sec 
26-ft  resolution  30.9  sec 
13-ft  resolution  23.2  see 

The  differences  in  time  are  statistically  significant.  This  gives  some  feeling  for  the  relationship  of 
recognition  time  am!  picture  resolution  for  one  target  type. 

Angular  Velocity 

William:,  and  Borow***  used  a  moving  display  -  up.  down,  right  and  left  at  rates  of  0.  2,  4, 

8,  16,  and  31  degrees/sec  angular  velocity.  Subjects  were  to  pick  out  letter  triplets,  one  set  at  a  time, 
from  high-density  or  low-density  search  fields  of  other  letters  ( 10  X  10  anti  18  X  18  character  matrices 
in  a  7 . 5-inch  square).  Viewing  distance  was  about  1  5  inches,  and  the  letters  {typed  capitals)  subtended 

*Tlus  time  would  permit  analyzing  only  about  10%  of  the  display. 

“  ■'Williams.  A.  et  al.  Operator  Pa  formancc  in  Strike  Reconnaissance,  WA1X'  Tech  Report  00-521.  August  I  lHM. 
+**Williams,  L.  («.,  and  ito.ow,  M  S.,  “The  Effect  of  Rale  and  Direction  o(  Display  Movement  upon  Visual  Search," 
Human  Factors,  vol.  V.  no.  2.  April  l‘)f>3. 
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about  27  ii'.inure.  of  arc.  T.irough  bJ/scc  they  foil  nil  no  significant  effects  in  iceognit  on  due  to  angu¬ 
lar  velocity.  These  low  rate  measures  (0,  2,  -'t,  and  8  degrees/sect  were  combined.  There  were  also  no 
appreciable  differences  for  up  and  down  or  for  right  and  left.  These  were  combined  for  horizontal 
and  vertical  movement  groups. 

Figures  C-l  and  C-2  show  the  study  results  (24  male  undergraduates  with  20-20  vision,  10b 
trials  each).  They  show  that  target  recognition  'ime  is  related  to  background  density  characteristics, 
angular  velocity  of  displayed  pattern,  and  direction  of  motion,  Average  time  to  recognition  was  16.1 
sec  for  low-density  and  44.2  sec  for  high-density  backgrounds. 


VIEWING  TIME  'SEC) 


Figure  C-l 

Cumulative  Probability  for  Facli  Speed 
at  Fach  Array  Density 


Moving  vs  Static  Displays 

hi  another  study  by  Simon.*  I  2  tra  ced  observers  worked  with  18  different  displays  showing 
eight  typical  military  type  targets  in  high-resolution,  side-looking  radar  imagery  on  a  rear-projection 
viewer.  Pictures  were  moved  continuously  across  the  display  half  o!  the  ti.ee  and  in  a  series  of  dis¬ 
crete.  static  steps  it  tiring  the  othei  half.  Two  sizes  of  display  were  used  (6  X  (■>  inches  -ml  12X12 
inches)  with  two  area  sizes  represent!. ig  l)-  am.  18-mile  strips  and  three  different  observation  times: 
10,  20,  or  40  seconds.  Significantly  less  time  was  required  to  find  a  target  on  the  moving  display. 
Target  recognition  percentages  may  he  regard  -d  as  typical  for  this  kind  of  materia1  except  tnai  the 
aircraft  environments  (vibration,  noise,  aecele.  uio.is,  etc.)  were  not  simulated. 


+S  i  lllon .  C.  W  .  "Rapid  A I  qais.l  I.  Mi  ..I  Kail. 1 1  I  .11  gels  limn  M« -vin:  anl  Slain.-  I  >;  .plays,"  Ihiniaii  Itieh’i'S,  vol .  VII . 
no  1 8 5 -20(i.  .’  .me  I  bio 


Figure  C-2 

Cumulative  Probability  for  Fast  Speed  for  the 
Two  Directions  at  finch  Array  Density 


Figure  C-3  shows  the  percentage  of  targets  recognized  in  relation  to  time  allowed  This  seems 
a  fairly  simple  comparison.  However,  figure  C-4  shows  some  of  the  different  values  within  the  above 
time  averages  when  subgroup  figures  are  considered,  such  as  the  kind  of  target  and  the  display  size. 

In  this  case,  “interaction”  refers  to  the  effect  of  a  third  variable  on  the  relation  of  'wo  others.  If  one 
tries  to  generalize  from  any  of  these  curves,  there  is  danger  of  being  misled.  Percentage  of  targets 
recognized  can  only  be  a  relative  index  of  display  viewing  time  requirements  for  a  given  situation. 

Figure  0-5  A  shows  the  median  time  taken  to  recognize  the  targets  used  in  Simon's  study  for 
moving  and  static  displays.  Those  may  he  regarded  as  typical,  but  figures  C'-SB  and  C-5C  show  there 
is  considerable  variation  possible  if  constraints  are  put  on  the  sample.  Recognition  time  could  go  to 
inf  nit;  if  the  target  were  small  enough  or  could  be  limited  only  by  visu,  I  reaction  time  if  the  targe, 
were  huge  enough.  Simon  deduced  that  the  subjects  were  faster  with  the  moving  display  because  they 
used  n  better,  more  systematic  scanning  technique,  always  checking  the  oncoming  material. 

Figure  C-(i  shows  a  similar  effect  for  ranges  of  recognition  times. 
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Figure  C-5 

Median  Time  to  Recognize  Targets 
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Contrast 


Figure  C-6 

Range  of  times  to  Recognize  Targets 


Figure  C-7,  from  Hillman, *  illustrates  bow  requirements  lor  object  contrast  change  with  respect 
to  size  depending  on  whether  the  visual  task  is  detection  or  recognition.  The  detection  curve  is  from 
Hiy lor.’**  The  recognition  data  are  from  Boynton,  l  ls.vo'th.  and  Palmer.''"*'*  The  Taylor  experiment 

'Hillman,  Ik. ‘Tinman  lactorsm  Airborne  Television  Displays  to  Society  loi  Intoimauon  Display."  "V/i  Xutionul 
Symposium  Tcr/i  Session  I’roi'cedinRs,  Oetobei  1  vo(> 

**  I’avlor.  J  .  "Visii/'lilv  |V,  Use  of  Visual  IVifoinunee  Data  in  Visibility  Pied  id  ion."  -1  pplirJ  Optics.  .5.  ?(i2-5(i‘). 

I'M. 

**’i'Bo>nlon.  U  .  Tdssvorth.  (  .,  nsl  Pa  I  me:,  R..  hifrurtiinrv  StuJU's  IVneiniiu:  u>  1  An,:/  1;i  Scronnuissiin-c.  Vat!  II1. 
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ANGULAR  SIZE  OF  TARGET  (MIN) 

Figure  C-7 

Comparison  of  Detection  and 
Recognition  Thresh  olds 


called  for  detection  of  a  single  form  against  a  homogeneous  field.  Boynton  required  recognition  of  a 
particular  form  from  a  background  of  forms.  The  curves  show  how  the  size  limit  for  recognition  is 
greater  and  that,  for  target  sizes  below  iO  minu'es  of  arc.  more  contt.tsl  is  requir'd  for  threshold 
recognition  than  detection. 

A  5-inch  square  display  lormat  (7-inch  tube)  would  subtend  I  r°  at  the  operator’s  eye  with 
It  inches  viewing  distance.  If  6  minutes  is  required  for  detection,  the  limiting  scale  fat  tor  is  deter¬ 
mined  from  0.10°/!. 5°  -  0  0067. 

Field  of  View 

1’iguie  C-8  shows  some  ground  coverage  limits  computed  for  four  classes  of  targets.  A  20° 
Held  of  view  reaches  a  given  ground  cover; go  at  a  lower  attitude  than  the  5"  field. 

Some  advantage  is  apparent  for  narrower  fields  of  view  when  display  formal  is  limited. 
Signal-to-Noise  Ratio 

Figure  (’-0  shows  t lie  results  of  an  RCA  study*  on  how  much  noise  could  he  tolerated  in 
images  used  for  the  extraction  of  navigational  information.  The  subjects  examined  information  in 
a  degraded  image  of  a  sector  to  determine  where  the  imaged  area  was  with  lespcet  to  a  reference 
photo  map.  Performance  was  relatively  constant  at  the  noise  levels  measured,  indicating  that  con¬ 
siderable  noise  can  be  tolerated  m  this  situation.  Mian  response  time  varied  only  0.2  second  as  the 
sigmd-lo-nieso  ratio  was  increased  from  10  to  dO  JB. 
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Figure-  C-8 

Ground  Coverage  Limits  (RCA,  1962) 
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Figure  C-9 

Effects  of  Video  Noise  on 
Terrain  Recognition  (RCA.  1962) 


Target  Search  Time 

lirickson*  reports  several  studies  on  target  search  time.  An  excerpt  from  his  discussion  of  this 
area  is  included  he  low. 


“In  searching  lor  ground  targets  from  aircraft  it  is  often  necessary  to  search  over  a  fairly  large 
area  and  to  make  judgments  on  a  number  o!  objects.  A  number  of  laboratory  experiments  have  been 
curried  out  requiring  this  kind  of  search. 

“to.  ‘he  study  of  Boynton  and  Bush,**  observers  were  asked  to  search  for  a  specified  target 
located  among  a  number  of  irrelevant  forms.  The  laigel  and  objects  were  located  on  a  circular,  back- 
illuminated  glass  plate  as  shown  in  figure  C-IO.  Typical  results  are  shown  in  figure  C-l  I .  Performance 
decreases  as  search  time  decreases  and  as  the  number  of  objects  in  the  display  increases. 


Figure  C-IO 

Fxample  of  Field  to  Be  Searched. 

From  experiments  of  I?  >yntor.  and  Bush  ( 1956) 


“In  the  study  described  in  Baker,  Morris,  and  Steadman,***  observers  were  asked  to  search  a 
circular  I  eld  for  a  target  (fig.  C-l  2)  located  among  a  number  of  simllai  objects.  Search  time  increased 
with  search  area  size  ( fig.  ('- 1 3 )  Since  the  tumihc  ol  lovms  on  a  search  area  was  roughly  proportional 
to  the  search  area  size,  it  was  fell  Dial  the  primary  factor  in  the  increase  in  search  time  was  the  increase 
in  the  number  of  irrelevant  forms.” 


M'.nck.smi,  K.  A..  I  isltal  Dried  inn  of  Targets:  Aitalvsts  tun!  /vYr/'-ir,  NAVWII’N  Report  8617.  NO  IS  IP  afi4S , 
China  Lake,  C.ililoi  nia,  Irhinaiy  I  On 5  ( AO  h  I  ?.  72 1 ) 

'‘■'Boynton.  1C  M..  mill  Itiish,  W.  1C.  “Recognition  ol  I'dii. is  Against  aCompIrx  It  nkgimtiki."  Journal  of  the  <  i/it’cal 
Society  of  America,  vol.  4B,  no.  4.  75K-7A4.  lUSn. 

iinkcl .  (  .  A  .  Moms.  1).  I  ..  mill  Strcdiii.ii’ ,  W  C  .  "  I  at  gel  Rrroi’iiil  mu  <.  i  <  'oni|>lr\  I )isp!a\  s,"  Hitman  /■  actors, 
vot  2.  no.  ! .  May  I  'Hi t),  5  !-<>!. 
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Figure  C- 1 1 

Search  Performance,  From  Experiments  of 
Boynton  and  Bush  ( 1962).  Object 
density  is  shown  on  each  curve. 
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Figme  C-l  2 

Targets  Used  in  Experiments  by 
Baker,  Morris,  a  id  Stecdman.  I960. 
The  figure  above  is  not  representative 
of  the  displays  vised,  but  only  of  the 
different  objects  used  in  the  displays. 
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Figure  C-13 

Search  Time  vs  Search  Area  for 
Experiment  by  Baker,  Morris,  and  Steedman.  I960 


Kriksen  reports  one  of  his  own  experiments*  in  winch  a  square  white  field  was  partitioned 
into  equal  sections  hv  black  lines.  This  field  contained  squares,  diamonds,  and  triangles,  the  latter 
being  the  targets.  He  found  that  search  time  increased  as  the  number  of  nontargef  objects  in  the  field 
increased.  His  results  are  show  i  in  figure  C  !4  (Search  time  also  increased  with  increased  partitions, 
presumably  due  to  adder*  visual  clutter.) 
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NUMBER  OF  IRRELEVANT  SIGNALS  IN  DISIM.AV 


Figure  C-l  4 

Seaieh  Time  as  a  F  unction  of  the  Number  of  Signals 
and  Partitions.  Number  of  partitions  in  display 
are  shown  on  each  curve.  Smith.  1961. 


T.i  iksiii.  C.  W„  I’lirliiumn x  and  Saturation  oft  he  l'cric/>':.ul  iic.J  ami  /  flic knev  of  l'iua/1  Search.  WADC  Tech 
Repmi  <4.  |  (,  |  (A!)  407.10).  VVi  iglu-ICi!  Iciaoii  Al  ii.  Ohio,  Agiil  1 054. 


Eriksen  also  describes  work  by  Smith*  in  which  a  circular  display  containing  many  small 
circular  pseudo-targets  and  one  designated  target  (a  square,  triangle,  hexagon,  or  pentagon)  was  used 
in  a  search  experiment.  Typical  results  (for  the  square  target)  are  shown  in  figure  C-15.  Smith  also 
found  that  the  triangle  was  the  easiest  target  to  find,  and  then  in  increasingly  difficult  order,  a  square 
a  pentagon,  and  a  hexagon.  In  other  experiments, a  peripheral  discriminahiiity  of  the  targets  was 
measured  and  compared  to  search  time  for  that  target  (fig.  C-lft).  !l  was  found  that  the  easier  it  is 
to  discriminate  the  target  peripherally,  the  quicker  it  can  be  found  in  a  display  containing  other 
objects. 


Figure  C- 1  5 

Search  Time  as  r-  Function  of  l  arge) -Pseudo target 
Size  and  Contrast  Difference  ( Erickson  1 954) 


Erickson ***  reports  he  obtained  a  peripheral  visual  acuity  scotc  foi  It)  subjects  using  a  l.anclolt 
ring  as  the  target.  The  time  it  took  these  subjects  to  find  a  target  in  a  display  containing  other  objects 
was  also  measured.  Those  subjects  with  the  higher  peripheral  acuity  (PA)  scores  tended  to  find  the 
target  quicker  than  those  whose  PA  scores  were  lower.  Two  types  of  displays  were  used:  one  con¬ 
tained  “blobs”  and  the  other  rings.  Search  time  was  longer  and  less  affected  by  object  density  lot 
tnc  blob  displays  than  for  the  rings.  The  search  task  was  repealed  using  only  ring  displays  as  putt  of 
a  second  experiment,  and  the  ave  age  search  times  were  much  the  same  as  those  measured  in  the 
lirst.  A  third  experiment  employed  a  linear  cue  in  ring  displays  by  adding  ,.  black  line  to  the  display. 


*Stili!h.  S.  W„  "Problems  in  the  Design  of  Sense.  Output  Displays,"  in  Visual  I’rohlcun  oj  the  Anna/  l-'orca, 

M.  A.  Whitcomb  (fid.).  National  Research  Council.  Washington.  I>  C  ,  1002 
**Smilb,  S.  W.,  “Visual  fei.rch  Time  and  Peripheral  Discriminahiiity .lounuil  t/f  the  Optical  Society  of  America. 
vol.  5  I ,  no.  12,  1 ,462,  December  |0(,|. 

***L  rick  son,  R.  A..  Visual  Search  for  tinyj’is:  f.ahonilorv  '•'xpvrimcnt  NAVWliP',  Report  l-'OO,  MOTS  IP  .U28. 
China  Lake. California,  NOT.S,  October  I OM 
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DISPLAY  CONDITION 


Figure  C- 1 6 

Search  Time  vs  Peripheral  Pircrimmability,  From  Smith,  1961. 
Peripheral  location  in  the  figure  is  the  distance 
from  the  point  of  fixation  at  which  tire  target 
could  be  discriminated  from  a  pseudotarget 
75%  of  tl  ic  time  (50%  corrected  for  chance). 


The  target  was  located  somewhere  along  this  black  line.  Search  time  decreased  greatly  and  was  not  as 
affected  by  object  density  as  if  was  in  the  displays  without  the  cue.  These  searen  times  are  shown  in 
figure-  C-17. 


Figure  C- 1 7 

Average  Search  Trine  oil  Static  Displays 


TARGET  DETECTION  AND  IDENTIFICATION 


Franklin  and  Whittenlniig*  provide  an  extensive  reference  source  for  direct  visual  air-to-ground 
target  detection  and  identification.  The  parameters  covered  have  a  generally  comparable  effect  when 
viewing  a  sensor  display  of  the  same  scenes.  Fo.  example,  the  rela'ion  ,hip  between  illumination  level 
and  threshold  detection  range  is  indicated  in  figure  0-18.  It  may  he  assumed  that,  as  this  threshold  is 
approached,  increased  time  will  he  required  on  the  average  before  detection. 
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Figure  O- 1 X 

Visibility  Range  as  a  Function  of  Illumination  Level 


I iie  bearing  o'  the  sun  with  respect  to  aircraft  line-of-flight  is  a  related  variable.  Figure  C-l  9 
shows  Ilia*  detection  range  is  greatest  when  this  angle  approaches  ISO'  and  lowed  when  line-of-flight 
is  toward  the  sun.  This  variable  also  should  affect  average  detection  time. 

The  effects  of  terrain  masking  m  terms  of  number  ol  slope  changes  per  unit  area  and  average 
slope  change  on  target  viewing  capabilities  ma\  he  partially  dotermineu  from  figure  (-20,  which  shows 
terrain  effects  from  different  altitudes.  Kouuli  hilly  terrain  tends  to  mask  outlying  areas. 


‘Franklin,  M.  L  and  Whiiteiihurg.  2.  A..  Hcvanit  on  iisintl  I'tiryd  Ik'teeiion,  /’ail  t,  Ik-  clopwrnt  of  an  Air-io-Crouml 
Dctcction/Id-Jnliftcution  Model,  I  I.SR-l<K-(iso|.|)i  ( A!)  0 1 0  275 1  I  Inman  Sciences  Ueseaah,  I  ne.,  McLean,  Virgin  ia, 
June  I  *265 . 
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Figure  C-19 

Log  Relative  Recognition  Slant  Range  as  a  Function 
of  Flight  Attitude  (from  Blackwell  et  al)* 


Figure  C-20 

Average  Percentage  of  Terrain  Seen  From  Aircraft 
as  a  Function  of  Type  of  Terrain  ami  A'titude 
(Franklin  and  Whittenburg,  1%5/ 

*Blackwcli.  H.  It.,  Olimart,  J.  G.,  and  Marconi.  F.  K..  Field  .Sinmhit ion  Studies  of  Ar-to-Groumi  Visibility  Distance, 
Final  Report.  University  of  Michigan,  Vision  Research  Labs.  Ann  Arbor.  Mieliig  n.  December  1951!,  (Project 
MICHIGAN,  Report  2MX.?F;  Al)  2  1 1  I  :  I  FI. 
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The  effects  of  vegetation  in  Intact  dctcclion/idcntificalion  will  vary  wil.i  the  clillerent  tigure- 
grouiul  relationships  ;i‘ul  extent  of  actual  concealment.  figure  C-21  shows  the  results  of  one  study* 
for  viewing  from  different  altitudes. 
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figure  C-2 1 

Average  Probability  That  a  7-foot  Target  is  Exposed  as  a 
Function  of  Range  and  Altfude  With  l  oliage  Included 
and  Excluded  (redrawn  from  Ballistics  Analysis 
Laboratory,  1959).  Altitude  is  shown  on  each  curve. 


The  effect  of  altitude  itself  is  shown  in  figure  (  -22  to  he  characteristically  a  V-shaped  rein 
Polish  ip  with  target  recognition,  since  altitude  alleds  !>o(ii  the  am  Hint  ot  gioii'id  that  can  he  seen  at 
a  given  time  am!  t no  apparent  si/.-,  o'  the  target.  As  altitude  increases  above  ground  level,  the  mask¬ 
ing  effects  of  terrain  and  vegetation  are  reduced.  However,  apparent  si/e  becomes  smaller,  decreasing 
recognition  probability.  Also,  at  higner  altitudes,  atmospheric  allemiatie'n  tends  to  reduce  viewing 
effectiveness. 

Similar  effects  are  involved  in  the-  relati'  iisliip  hclwevn  slant  range'  and  ive'ognition  probabiliiv 
|  igure  C-25  shows  typical  ogive  curves  lor  >  ompaiisons  with  simulator  and  lieiel  tests. 


'Ballistics  Analysis  Laboratory ,  ■■>><  T/w/cv/v  ->/  A’i -v///\ ,»/  a  (,i,nnu/  !<  mdim  vi  Sumy.  III.  Johns  Hopkins  Ihiivcisity 
Institute-  l<  > ;  e  oopc'ialive  Rose-arch.  Ball  i-noic.  Mao  I  ml  Mae  I'l'-O.  (Pnucel  1 1  l()R.  Rcpoi  t  No.,12l  AH2I7514) 


z  a: 

a  uj 


o 


<T 


!  § 
x  * 
< 


3.000 


'.OCX) 


1.000 


_  ...  J_ 


1 .000  2.000 
At.Tllunt  AttOVK  Tt-HKAIN  If  I) 


3.000 


2000 


I* ivsiiro  (  -22 

llfeet  of  Mliluilcim  Maximum  Reeojiiiilion  Range, 
(’('lulilions  asv.itr.oil .  laruel-lank,  \  isi I >it i I s  clear, 
lei  rnin-inllini*. 


*  .V  V-«,>  r.V  . 


A  Util)  I  ISIS 
n  Sr-  III)  A  I  l)U  II 


2 
O 

!r 
5 

o 
G 

u  0.2 

ui 
ft 


1.0 
0.0 
0  8 
0.7 
o.r, 
o.o 

0.4 

0.3 


UOo  Ot-.  - 

O  . -  ;  '•  -  -  r  - 

rsisi*?? '  •> iP  iG**?;-":  *= 

5 ...  .'--(aic-.  v.  ;• 

•  ^aaa  o  -■■■>:  ■-: 

$S&SB8SS*#«  .  v  ... 

* t*n> NV/J  .**  >  A  > '  V  ~  Y'’* 

A" 1  r'- .. 

.A  '  >;;;r.v.  °o0' ' 

.  .A 


0.1 

o 


AAiU  a  aa"  ;  2s?  0°ooOoooo 


0  5.000  10.00!)  Ki.oou  *20.000  ?f,.0*.fl  30.1X1(1  31.  OO 

SI  AN1  HANI.I  1111 


I  ifii iv  (  -22 

Kocosmi  I  inn  l’i  nhabilils  as  a  I  .iiulnm  ol 
.Slam  Kanoc  I  ielii  ;m< i  Simulaloi  Data 
I  I'm m  lilai  Knell  el  ai.  !l)2.S| 


TARGET  RECOGNITION 


(Tirol  -  l.as  prepared  a  good  summary  oovoia.no  om  large  I  recognition  which  is  so  d  rccily  applic¬ 
able  that  il  is  repeated  hero  almost  intact . 

“  \s  used  in  this  context,  target  recognition  implies  the  ability  of  the  operator  to  classify  or 
name  an  object  or  place  on  the  grounds  of  the  output  ol  one  or  more  of  the  sensors  aboard  Ilia  .  ireralt. 
In  the  first  go  around,  only  those  sensors  that  map  a  contrast  pattern  are  being  considered.  Such  sen¬ 
sors  include  radar,  IR.  TV.  and  perhaps  lasers  ... 

"System  resolution  has  noon  studied  extensively.  The  upshot  of  lie  sc  studies  can  be  summa¬ 
rized  as  follows  Objects  can  he  identified  on  the  grounds  of  couli  vt  as  \v«dl  as  In  shape.  An  inter¬ 
preter  may  inter  that  a  blob  on  the  end  of  a  runway  is  an  aircraft.  Such  inferences  are  often  erron¬ 
eous  for  the  context  is  often  insufficient,  and  a  system  that  yields  filler  grain  data  by  increasing  sensor 
resolution  will  increase  the  confidence  lb  it  can  be  placed  on  any  inference,  In  order  that  an  object 
be  :oiTectly  identified  by  its  familiar  shape  when  it  is  isolated  and  not  embeuded  in  a  context,  some¬ 
where  between  1(1  and  it) (>  adjacent  resolution  cells  must  be  ’placed’  on  the  object.1  l  or  example, 
for  an  object  M)  feel  on  a  side  to  be  recognized  <>n  the  grounds  of  us  visual  pattern  alone  requires  a 
contrast  sensor  with  a  minimum  resolution  of  d  to  It)  feet 

"Most  of  the  data  on  this  topic  has  dealt  with  pliolo-intei pieiation  and  lias  been  collected 
in  the  laboratory  under  noise-free,  good  contrast  conditions.  As  an  example  of  t lie  iclatioiiship  that 
holds  between  sensor  resolution  and  objo  l  recognition,  an  examination  of  photograph-  made  from 
the  output  ol  a  high  resolution  IR  detector  AAR-')  (XA-di  was  made.  The  sensor  lias  a  resolution  of 
0..V.  and  the  (l<  ‘pictures'  were  taken  vertically  at  1.000  feet  on  a  clear  night.  At  this  altitude  the 
angular  resolution  oi The  sensor  yields  a  ground  resolution  .»f  about  leel.  l  ame  aircraft  (\C-I  Tv 
B-47  etc.  can  be  identified  directly  by  shape.  Smaller  aireralt  l  -.V),  I  •  100  can  be  discrimin 
aled  on  the  grounds  of  wing  sweep  end  wing  tank'-.  Still  smaller  aircraft  tsie!)  iciuain  ‘unidentified.' 

In  olati  view,  fighter  aircraft  of  the  I  S".  I •100  type  can  he  contained  in  a  square  about  It)  feet  on 
.  side.  This  implies  that  the  sensor  yield  w„.  approximately  o-l  resolution,  cells  'on  the  target.' 

“All hough  the  generalization  is  hazardous,  as  a  working  rule  we  assume  the  requirement  for 
a  lesolttlion  of  I  i  1 0  taigei  size  ( linc.t;  dimension )  for  target  recognition  independent  of  context . 

The  exceptions  to  this  rule  are  long  linear  targets:  roads,  railways,  livers,  etc. 

“There  are  some  secondary  characteristics,  secondary  only  In  the  sense  that  they  are  not  sub¬ 
ject  directly  to  design  control,  that  are  so  critical  lliai  their  effect  must  and  is  being  considered. 

1  liese  are . 

1 .  1  lie  nature  of  the  hi icting  or  releience  materials. 

the  conn  Icxily  ol  the  background  in  which  the  target  is  embedded.. 

.v  The  amount  of  time  the  oneia-.oi  lias  to  examiiii  the  h\e  scusoi  nn.igcn 
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leioiaii/e  il  in  die  display  Noi>|>i  Inil.ilni  li.ilisloiir.ed  Unget  sien.iuue  .  unis  be  learned.  Ini!  I  tie  obsei  \  el  inns!  be 
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“Numerous  studies  haw  shown  the  overriding  importance  of  reference  material  when  the 
operator's  task  is  targe-.  recognition.  In  goneu-i,  ■  i»o  mote  closely  the  reference  material  resembles 
tile  live  display  with  res;-..ti  to  orientatio:.,  content,  scale  tin  tor,  grey  scale,  and  resolution,  the  easier 
it  is  to  identify  and  recognize  ;iie  target.  I'  e  imperial)  e  of  such  briofmg  materials  suggests  the  use 
ot  two  displays:  one  for  live  and  one  for  gored  data,  this  topic  will  he  explored  more  fully  under 
display  requirements. 

"The  complexity  of  the  background  and  in  particular  the  similarity  of  the  background  to  the 
tar;:  will  increase  the  number  of  alternatives  from  which  the  observer  must  select  and  will  obviously 

all  recognition  performance.  A  set  of  curves  i'.ustraling  the  effects  of  complexity  on  time  to 
r>  .mize  a  target  is  shown  in  figure  0-24.  These  data  . . .  arc  meant  to  show  the  genera!  nature  of 
the  function  rather  than  to  be  used  literally  as  a  design  aid. 
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TARGET  SIZE  If!  MINUTES  OE  VISUAL  ANC.Lt  LA  CiE  DIMENSION 


figure  0-24 

1  fleets  of  background  Complexity  on  Time 
to  Recognize  a  Targe; 


“The  time  available  to  the  operator  to  line!  and  recognize  the  target  is  largel)  dictated  by  the 
n.  Uue  ol  the  mission  and  the  speed  ul  the  vehicle.  Where  thorough  briefing  ha?  'Centred  ami  access 
>>'  good  reference  materials  is  at  hand,  the  observe-  is  aide  to  do  much  better  J'a.m  might  be  expected 
because  the  reference  material  in  effect  directs  his  attention  to  critical  parts  of  hie  c  e  display  with 
the  consequence  that  the  tune  available  is  spent  only  in  examining  the.se  critical  ai.-.i„  ’.'here  ate. 
however,  eases  where  briefing  is  inadequate,  and  it  is  of  interest  io  know  how  much  i-ve  data  the 
operator  can  process. 
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“In  the  ideal  display  of  sensor  data,  the  dimensions  of  each  sen  ;or  resolution  cell  as  displayed 
should  be  at  least  twice  as  fine  as  the  eye’s  resolution  which  results  in  a  negligible  loss  of  effective 
tvsoUition.*  In  practice  this  ideal  situation  is  usually  compromised,  and  an  effort  is  made  to  provide 
display  resolution  only  equal  to  that  of  the  eye.  We  have  drawn  a  series  of  charts  that  illustrate  the 
size  of  the  display  needed  for  the  latter  case  if  each  displayed  sensor  coll  is  dimensioned  to  subtend  1 
5,  or  10  minutes  of  arc  at  the  observer’s  eye  (see  figure  0-25).  For  example,  a  sensor  with  5-foot 
resolution  covering  10,000  feet  on  the  ground  requires  a  display  6.‘>o  inches  in  diametei  if  viewed  at 
12  incites  and  each  sensor  cell  subtends  1  minute  of  visual  arc  ai  the  eye.  For  pattern  sensors,  the 
importance  of  matching  the  display  resolution  to  tile  eye's  resolution  is  tied  to  the  operator’s  ability 
to  recognize  targets.  As  was  previously  stated,  resolution  is  one  of  the  key  factors  in  target  identifi¬ 
cation.  Targets  smaller  than  10  times  the  resolution  limit  of  *he  system  will  be  difficult  to  identify 
except  on  the  grounds  of  context  Let  us  now  suppose  the-  operator  is  looking  for  a  very  small  target 
and  has  no  a  priori  data  about  its  probable  position. 


Figure  C-25 

Display  Size,  Coverage,  aul  Ground  Resolution 


“It  is  possible  to  estimate  the  minimum  time  it  will  take  a  hypothetical  observer  to  scan  a  dis¬ 
play  of  any  g’vcn  si/e  under  these  conditions  if  some  simplifying  assumptions  are  made  Tin  image 
on  the  eye  must  be  stationary  if  the  observer  is  to  s«.e  anything.  Thus,  in  scanning  a  display  the  eye 
dwells  momentarily  on  a  patch,  then  slews  quickly  to  the  next  patch  and  so  on  until  the  display  is 
visually  scanned.  In  order  to  determine  the  time  it  will  take  to  search  a  display,  we  need  to  know  the 
patch  size,  (lie  dwell  time,  the  slew  time,  and  the  can  pattern  Patch  si/e  can  he  estimated  by 


*Caie!  uses  twice  the  eve's  resolution  some  vital  arbitrarily,  but  ibis  shoui'l  allow  lor  the  not  mdikely  case  where  there 
is  lOU.r  loss  in  resolution  between  die  sensor  and  the  fetal  display  as  seen  in  the  eye. 
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examining  the  acuity  characteristics  of  the  eye.  Acuity  varies  with  the  distribution  of  retinal  cones 
and  thus  with  the  angular  distance  of  the  observed  target  from  the  optical  axis  (fovea)  of  the  eye, 
as  shown  in  figure  C-26.  For  purposes  of  this  analysis,  a  value  of  plus  and  minus  3  degrees  will  be  used 
as  the  limit  of  .1  useful  cone  of  vision.  Patch  size  will  be  computed  by  calculating  the  size  of  the 
square  subtended  by  6  degrees  and  will  therefore  vary  with  observation  distance.  Ford  et  al*  found 
that  the  average  dwell  time  on  large  displays  is  0.28  second.  Enoch**  in  a  similar  study  found  that 
dwell  time  varied  with  display  size,  but  hie  data  from  the  two  studies  are  in  fair  agreement,  and  a 
dwell  time  of  0.33  second  will  be  used  in  this  analysis.  Slew  time  is  negligible,  and  the  observer  will 
look  about  three  times  per  second.  .Scan  patterns  for  real  men  vary  with  a  host  of  factors.  For  our 
purposes,  however,  we  assume  that  the  man  scans  the  display  in  a  raster  fashion,  completely,  with 
butted  patches,  and  no  overlap.  With  these  assumptions,  it  is  now  possible  to  compute  the  time  it 
takes  to  scan  a  display  of  any  size  from  any  viewing  distance.  The  results  of  these  computations 
are  shown  in  figure  C-27.” 
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DEGREES  FROM  FOVEA  (-OPTICAL  AXIS) 


Figure  C-26 


Visual  Acuity  as  a  Function  of 
Angle  Off  Optical  Axis 


Caicl  thus  arrives  at  a  similar  approach  to  that  oi  Simon  ( 1962).  His  chart  seems  to  lead  to 
shorter  time  values  than  Simon  s  iormula,  although  they  have  made  very  similar  assumptions  about 
Patch  size  and  dwell  time.  I11  either  case,  it  is  assumed  that  the  entire  display  is  scanned  methodically 
as  a  photo-interpreter  might  scan,  looking  for  any  sign  of  a  target  in  any  part  of  the  display.  Actually, 
there  are  usually  clues  as  to  where  targets  may  be  expected  in  context,  leading  to  more  efficient 
scald).  And  a  clear  target  emerging  anywhere  on  the  display  will  be  picked  up  by  peripheral  vision 
and  then  rapidly  locus., ed  by  a  vigilant  observer. 


H'oid,  A..  Win:  •  .  •  i .,  and  Lidiu-nslein.  M ..  "Analysis  of  live  Movements  During  Free  Search,"  Journal  of  the 
Optical  Soc  iety  </  America,  vnl  49,  March  1050. 

Inoch.  i.  M..  "I:  fleet  of  !  lie  Si/c  of  a  Complex  Display  Upon  Visual  Search,"  Journal  of  the  Optical  Society  of 
America,  vof.  49.  March  1050. 
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DISPLAY  SIZE  (INCHES  ON  A  SIDE) 


Figure  C-2'7 

Time  to  Scan  a  Display 


Each  target  situation  must  be  considered  separately,  but  in  doing  so  reference  may  be  made  to 
variable:  that  have  been  indicated  in  th  '  appendix.  Target-background  relationship  is  particularly 
critical  (determined  by  contrast,  resolution,  and  pattern  effects).  Moving,  rolling  window  displays 
seem  to  offer  quicker  target  recognition  than  static  sequential  displays.  Altitude  and  slant  range  show 
predictable  effects.  Context  can  facilitate  recognition,  especially  with  good  training  or  experience  or 
with  reference  materials. 

Tiie  diverse  relationships  of  variables  with  detection  and  recognition  time  presented  in  this 
appendix  may  be  useful  as  a  partial  design  tool  reference  file.  It  may  be  expanded  or  revised  late/ 
to  provide  an  up-to-date  source  of  sensor  display  infoimation. 
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Figures  C-28  through  C-33  are  from  Kubakawa  et  ah* 
on  display  v  iev/ing  dynamics. 


They  present  supplementary  references 


*!<ulnikawa.  C.  .  et  ai  (Ed.),  O atu  Kook  for  h'ltivan  /•'«<•  ors  /:>.gei can,  vol.  I  and  2  ;CR  I  N  27 1 ),  by  Man  Factors, 
,  ,c.,  f«r  NASA  Ames  Reseat ch  ('enter,  Novem'nci  I'M). 


C-22 


)jU^  = 


U4-J--4 


DISTANCE  i 
FROM  FOVEA 


i  4 

10 

> 

1.0  - - 


! 


£>  4  3  2  1  O' 

BACKGROUND  LUMINANCE 

Figure  C-28 

Visu.il  Angle  of  the  Smallest  Detail  That  Can  Be 
Discriminated  as  a  F  unction  of  Background  Luminance 
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Figure  C-29 

Probability  of  l  aiget  Detection  as  a  Function  of 
1  argot  Si/.e  (Visual  Angle)  When  Target  Is  Known 
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Figure  C-30 

Visual  Acuity  as  a  Function  of 
Relative  Movement  Between  Observer  and  Target 
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Figure  C-31 

Luminance  That  Can  Just  Be  Seen 
as  a  Function  of  Time  in  Darkness 
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